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ABSTRACT 
Are small-scale spatial patterns evident in remnant tallgrass prairies? If so, can we use those 
patterns to help restorationists plan and evaluate prairie reconstructions? I analyzed Sheeder, Sundt, 
and Morris Prairies of southern Iowa in 2000 to determine if strong spatial patterns exist and whether 
they can be applied to prairie reconstructions. I collected species presence/absence data in 
contiguous 0.25-m2 quadrats on 50-m transects (n = 11 over the three prairies) and I also analyzed 
soil P (ppm), K (ppm), pH, and percent organic matter{% OM) on each transect. 
The prairie vegetation was highly diverse at the scale studied. Overall, 71 % of the 85 taxa 
identified were present in 20% or less of the quadrats, while only two taxa were present in 80% or 
more of the quadrats. Simpson's index and the Shannon-Weiner index of diversity were high, 
indicating high species richness and evenness with no dominant species. The mean number of taxa 
per quadrat overall was 13.7 (s.d. = 2.7). The vegetation was also highly heterogeneous. The 
dissimilarity between quadrats (measured by Manhattan distance) was slightly related to how far 
apart the quadrats were physically. A modified one-dimensional Ripley's K statistic was used to 
estimate the distances at which clusters of individual species were evident: these distances va·ried by 
species and prairie. The relationship between the frequency of each species and soil P, pH, and% 
OM also varied by species, with few clear trends. There were few species that co-occurred more or 
less frequently than expected by chance, with no clear trends based on functional groups. 
Because of the high heterogeneity at this local scale, it does not seem feasible to recommend 
that reconstructed prairies be seeded to create specific patterns on a small spatial scale. Rather, 
planting a highly diverse seed mix over a relatively uniform site may be the best method to 
reconstruct highly diverse prairies. My data also provide a reference against which diversity and 
species composition of reconstructed prairies in southern Iowa could be evaluated. 
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INTRODUCTION 
''You can disassemble a thing (such as a prairie) without knowing much about it, but you can't 
put it back together -- that is, restore it -- without understanding it pretty well ... " ( Jordan 1997) 
General Background 
Over the course of several thousand years, prairies in the midwestern United States helped 
transform glacial till and wind-blown loess into thick dark Mollisols, soils with a surface layer rich in 
organic matter and high water-holding and cation exchange capacities. While these characters were 
both formed by and helped support a diverse prairie flora (noted by Kline (1997) as one of the most 
productive vegetation types in the world), they also created prime conditions for farming. As a result, 
much of the "tallgrass prairie triangle" that spanned from Manitoba to Indiana to Texas (Jordan 1997) 
has been destroyed, so that today the remaining tallgrass prairies and savannas occupy less than 1 
percent of their former range (Kline 1997). In Iowa, less than 0.1 % of the original 12 million hectares 
(30 million acres) of prairie has not been converted to agricultural use or otherwise destroyed. Most 
prairie survives as remnants where land was too steep or otherwise unsuitable for plowing or 
intensive grazing, but was used instead for hayfields or minimal grazing. The remnants, however, 
tend to be small, isolated, and threatened with degradation (Kline 1997). 
While preservation of the few small remnants is important, there is also growing interest in 
restoring or recreating tallgrass prairie ecosystems. This interest has been generated at several 
levels, from small restorations on private property or school grounds, to county roadside plantings, to 
a federally-funded restored prairie of several thousand hectares (see Smith 1998 for descriptions of 
projects in Iowa). Goals of prairie restoration include recreating functioning ecosystems, preserving 
plant and animal biodiversity, educating the public on environmental issues, and creating 
aesthetically-pleasing recreation areas. 
Ecological research can play an important role in restoration, particularly when the goals for a 
project include the establishment of a functioning ecosystem that is similar to its original counterpart. 
Jordan (1997) wrote that an emphasis on ecological accuracy that includes functional and structural 
features of a system "is what distinguishes restoration from other forms of gardening, and from other 
merely restorative forms of land management." Higgs (1997) places a commitment to ecological 
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fidelity at the core of effective restoration while emphasizing the need to place it in the context of 
economic, social, cultural and other factors. 
Restoration is broadly defined by Packard (1997) as the repair or reestablishment of a natural 
ecosystem by the introduction of species and processes associated with it. However, one can 
distinguish between two basic categories of restoration (Kline and Howell 1987). Rehabilitation is the 
upgrading or enhancement of an existing degraded prairie. In contrast, reconstruction entails 
establishment of a prairie on a site where no natural community remains. 
Studies of the composition and diversity of plant, animal, and soil microbe commun!ties of 
native prairies can enhance our understanding of prairie ecosystems, and that understanding can be 
incorporated into both 1) the planning and planting of restorations (particularly reconstructions), and 
2) evaluation of the success of restorations. Incorporating knowledge from the study of native 
systems into planning and planting may not only make the restorations more ecologically accurate, 
but may also increase the efficiency of restoration (Holmes and Richardson 1999) and improve the 
chance of recovery of a targeted species within that system (Huxel and Hastings 1999). The 
Ecological Society of America Committee on the Scientific Basis for Ecosystem Management 
{Christensen et al. 1996) cited inadequate information on biological diversity of ecosystems and 
"widespread ignorance of the function and dynamics of ecosystems" as two major obstacles in 
current ecosystem management (of which restoration can be considered a part). 
In particular, spatial pattern analysis of intact ecosystems can help guide restoration efforts. 
Dale (1999) defines spatial pattern of vegetation as the arrangement of plants or of patches of plants 
in space that exhibits a certain amount of predictability. The study of spatial patterns in vegetative 
communities has a relatively long history, stemming from questions on community structure and 
organization raised early in this century (see Bertness 1987 for an overview). Further, how 
environmental conditions and population processes influence such elements of spatial patterns as 
species abundance and distribution has become a central issue in ecology {Brown 1984 ). 
Several studies of vegetative spatial patterns pertinent to restoration have been conducted in 
relation to restoration. Brooks and Merelender (2001) observed natural vegetation regeneration 
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patterns of oaks in northern California woodlands to determine for what species and on what types of 
slopes intensive restoration actions (planting trees or protecting seedlings) are most important. 
Kageyama and Gandara ( 1997) incorporated information from forest fragment surveys into plans for 
planting rare or common species in proportion to their densities in intact forests in Brazil. Imbert et al. 
(2000) examined growth patterns of two mangrove species in relation to oil concentration in soils after 
a simulated oil spill in an attempt to make recommendations for planting restorations in the Lesser 
Antilles. On a larger scale, Clark and Slusher (2000) describe use of gap analysis data to drive 
protection and restoration of wetland, oak savanna, and prairie habitats within a degraded watershed 
in Indiana and Illinois. 
Selection of an appropriate reference ecosystem in which to conduct spatial pattern and other 
studies in relation to a restoration project is important. Although how a reference is selected is a 
matter of debate in restoration ecology (see Pickett and Parker 1994, Aronson et al. 1995, and Palik 
et al. 2000), there appears to be agreement that clearly defining a reference for a given restoration is 
crucial. Aronson et al. (1995) note the frequent lack of clarity of what is or should be used as the 
"ecological yardstick" for restorations, while emphasizing the importance of selecting a standard for 
comparison, "even if it is arbitrary and imperfect." 
However, reference eco~ystems can serve as more than just ecological yardsticks for 
planning and judging restorations. For example, because there is always a cost associated with 
restoration, prioritization of restoration efforts is required (Palik et al. 2000). Knowledge of the degree 
of similarity of potential restoration sites to a reference ecosystem can help determine the potential 
amount of effort and cost required for restoration (Palik et al. 2000) and thus can help prioritize sites. 
Finally, it is important to note that the study of restorations in relation to reference 
communities has theoretical value within the field of ecology. Bradshaw (1987) calls restoration an 
"acid test for ecology'' - it provides ecologists with an opportunity to test current knowledge of 
ecological processes by trying to recreate whole, functioning ecosystems from skeletal beginnings. 




The spatial analysis of vegetative communities of remnant prairies may be useful in the 
planning and evaluation of large-scale prairie restorations in the Midwest. In particular, the impetus 
for this study of remnant prairies was to help guide prairie reconstructions at the Neal Smith National 
Wildlife Refuge-Prairie Learning Center (NSNWR-PLC, formerly called Walnut Creek National Wildlife 
Refuge) of the U.S. Fish and Wildlife Service. 
NSNWR-PLC is located in Jasper County, Iowa (41° 36' N lat., 93° 14' W long.). Established 
by Congress in 1990, the refuge will eventually encompass approximately 3500 ha of agricultural 
fields restored "as nearly as possible" to the tallgrass prairie and oak savanna that covered central 
Iowa prior to European settlement (Drobney 1994 ). 
The methods used for restoring prairie areas on the refuge currently involve harvesting large 
quantities of seed by machine from remnant prairies and production plots on the refuge and then 
planting a relatively uniform seed mix over a wide area, assuming that the species will "sort 
themselves out" in relation to microhabitat and other competing species over time. This use of 
mechanical seed harvest, supplemented with some hand-collection of early-season or rare species, 
and widespread planting of an uncleaned mix of grasses and forbs is standard in large-scale prairie 
restoration (e.g., Hier et al. 1998). Occasionally the seed mixture is varied according to general site 
type, such as dry, wet or mesic prairie. 
A few variations on this widespread planting are used in other restorations. For example, at 
the Fermilab restored prairie in Illinois, Betz et al. (1996) plant a "matrix" seed mix in the first year cif 
restoration. The matrix mix contains approximately 35 species that are aggressive, have wide 
ecological tolerances, and grow well on former agricultural fields (Betz et al. 1996). These species are 
thought to compete with weedy species, as well as build up a fuel load so fire can be used on the site 
within three years (Betz et al. 1996). After a few years, other less-aggressive species are seeded into 
the established matrix plantings to increase diversity. 
Broad distribution of a relatively uniform seed mix has at least two advantages: it is easy to 
sow quickly across a large area, e.g., several hectares, by using large agricultural planting 
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equipment; and it broadcasts seeds of every species in the mix onto many microhabitats, some of 
which may be particularly suitable for any one or several species. However, some species may be 
much better adapted to some microhabitats than to others. Broad distribution of those species's 
seeds would likely mean that some of the seeds would fall on unsuitable habitat and never germinate 
or else die before establishment. Thus, some of the seed in each planting would essentially be 
·wasted. 
A more effective planting method may be to incorporate knowledge of vegetative spatial 
patterns on remnant prairies. This might be done by planting certain combinations of seeds in specific 
patterns at small spatial scales. Information on the patch sizes of individual species or groups of 
species (e.g., rare or common species), significant co-occurrences of species pairs, or the distribution 
of species in relation to environmental variables such as soil characteristics could potentially be used 
to plan where to plant certain species. For example, if the distribution of a species was strongly 
correlated with alkaline soils and also tended to be very patchy at the 0.5-m scale, small, 
concentrated plantings of it on soils with a certain pH may help ensure its establishment on the 
restored site. Planting seeds in clusters in the microhabitats in which they are most frequently found 
on remnant prairies may conserve seed. Also, because the correlation of a species's distribution with 
a microhabitat or another species may indicate that the species is best adapted to that microhabitat or 
to growth with that species, planting seeds in specific patterns at small spatial scales may promote 
more rapid establishment of "more natural" vegetative communities because the plants wouldn't need 
time to "sort themselves out." To pursue this approach, we need data on vegetative spatial patterns in 
appropriate reference communities. 
How closely do existing restorations at NSNWR-PLC match their reference communities? 
The study of vegetative spatial patterns on remnant prairies provides a yardstick against which to 
compare restoration plantings. Qualitative measures such as species richness and evenness, the rate 
of distance decay (the similarity of sampling units to one another as the physical distance between 
them increases), and patterns of individual species distributions can be compared between restored 
prairies and remnants. At NSNWR-PLC, for example, this would allow refuge staff to see if the 
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restorations are meeting the stated goal of being as similar as possible to the pre-European 
settlement tallgrass prairie communities, assuming that our current remnant prairies are the best 
possible estimate of the pre-settlement prairie communities. 
Study Objectives 
The repeated glaciation of Iowa has given rise to several distinct landforms in the state. In 
particular, the Des Moines Lobe of the Wisconsinan glaciation covered much of northern Iowa and 
extended south to Des Moines before receding approximately 12,000 to 14,000 years ago, leaving a 
flattened landscape in its wake. The last glaciation in southern Iowa, however, probably occurred 
about 0.5 million years ago (Hallberg 1986). That region, the Southern Iowa Drift Plain, has a much 
older landscape, with more hills and more weathered soil than the Des Moines Lobe. While 
quantitative studies of community composition have been done on prairies on the Des Moines Lobe 
and in the Loess Hills of Iowa (e.g., Glenn-Lewin 1976, Rosburg 1994), relatively few studies have 
examined prairies of the Southern Iowa Drift Plain landform on which the NSNWR-PLC is located 
(Pauline Drobney, personal communication). Those few studies include two quantitative plant 
community studies conducted on Sheeder Prairie in Guthrie County (~ee Kennedy 1969 and Rosburg 
1996). 
The objective of this study was to describe species composition and spatial patterns of 
vegetative communities on three remnant prairies on the Southern Iowa Drift Plain. My main 
questions were: 
1 . What species are characteristic of Southern Iowa Drift Plain remnant prairies? 
2. What are the patterns of species richness and evenness within and among prairies? 
3. How are individual species distributed on a small scale within a prairie? How are they 
distributed among prairies? 
4. What are the patterns of species distribution in relation to soil characters? 
5. What species associations exist on the remnant prairies? 
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Answers to these questions may assist restoration efforts by describing patterns that may be 
incorporated into how seed is mixed and distributed for planting. They would also provide information 
about vascular plant species composition and patterns on remnant prairies to assist in evaluation of a 
restored site (i.e., does the restored site have the same composition and spatial patterns as found in 





Remnant prairies in south central Iowa were selected for study based on two criteria: 1) 
proximity to NSNWR-PLC, and 2) a sufficient area (minimum of 1.2 ha) of relatively undisturbed, high-
quality native prairie vegetation. 
Seven remnants were initially selected for their proximity to the refuge. This standard means 
all share a common geologic history and have similar soil types. Further, the refuge has a policy of 
using local ecotype seed in its reconstructions. The refuge defines local ecotype as native prairie 
populations in a 38-county area roughly centered on its location in the Des Moines township in Jasper 
County (Pauline Drobney, pers. comm.). My study was not concerned with the use of sites as seed 
sources; however, using sites within the local ecotype boundaries means I studied plant populations 
that may be similarly adapted to local environmental conditions as populations used for seed for the 
refuge or now growing on the refuge. 
I visited the seven remnants chosen for proximity to subjectively evaluate the quality of the 
native vegetation and the apparent level of past disturbance on each site. It was crucial to use 
prairies with a diverse native vegetation, low percent cover of weedy or non-native species, and 
minimal anthropogenic disturbance to develop an image of what a native prairie should look like. That 
is, if the results of this study are to be used as a yardstick against which to plan and then evaluate the 
refuge's reconstructions, the vegetative communities studied must be as similar as possible to the 
original prairie communities. Three remnants had sufficiently high-quality vegetation and low 
disturbance levels: Sheeder Prairie and Sundt Prairie in Guthrie County and A.C. Morris Prairie in 
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Figure 1. Map of Iowa showing approximate locations of Neal Smith National Wildlife Refuge-Prairie 
Learning Center (NSNWR-PLC) and of the three remnant prairies used in this study. Base map 
published by the Department of Economics, Iowa State University. 
Geologic history and soil types 
The refuge is located on the Southern Iowa Drift Plain, a landform that surrounds the 
southern portion of the Des Moines Lobe of the Wisconsinan glaciation. The Wisconsin glacier 
receded approximately 12,000 to 14,000 years ago, while the last glaciation ("pre-lllinoian") in 
southern Iowa probably occurred about 0.5 million years ago (Hallberg 1986). These two glaciations 
contributed to the two most widespread soil parent materials in Guthrie and Jasper Counties, loess 
and glacial till (Russell et al. 1974, Nestrud and Worster 1979). 
The loess was deposited from about 29,000 to 14,000 years ago, blown mainly from the flood 
plain of the Missouri River at the western border of Iowa (Ruhe 1969). In Guthrie County, the loess is 
about 3.5 to 5.5 m thick on the most stable parts of the uplands (Russell et al. 197 4 ). In Jasper 
County, the loess is about 3.0 to 7.0 m thick on stable uplands; in addition to loess coming from the 
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Missouri River valley, loess was also deposited from erosional surfaces to the north (Nestrud and 
Worster 1979). However, on most side slopes in both counties the loess deposits have been removed 
by erosion, exposing glacial till (Russell et al. 1974, Nestrud and Worster 1979). Sharpsburg and 
Downs soils formed in loess (Russell et al. 1974, Nestrud and Worster 1979). 
Glacial till was deposited from "pre-lllinoian" glaciations (formerly called Kansan and 
Nebraskan). Shelby and Gara soils formed in this parent material (Nestrud and Worster 1979). 
Climate 
In Guthrie County, the average daily temperature in January is -7.8 C, the average daily 
temperature in July is 23.7 C, and the average annual precipitation is 88.8 cm; there is a high 
probability that nine years in 10 will have 138 days with a minimum daily temperature above O C 
(National Water and Climate Center 1993a). In Jasper County, the average daily temperature in 
January is -7.1 C, the average daily temperature in July is 24.0 C, and the average annual 
precipitation is 84.3 cm; there is a high probability that nine years in 10 will have 153 days with a 
minimum daily temperature above O C (National Water and Climate Center 1993b ). 
Site background 
Sheeder Prairie 
Sheeder Prairie is a state preserve located at range 80 N 32 W in section 33 of Seely 
Township, Guthrie County, Iowa (41 ° 41' N lat., 94° 35' W long.). The preserve is 10.1 ha; 9.3 ha are 
native prairie, and 0.8 ha along the north edge, northeast corner, and the east edge were cropped in 
corn, oats, or barley prior to the preserve's purchase by the state in 1961 (Kennedy 1970). The 
Sheeder family mowed the prairie annually in late fall from ca. 1865 to 1965, except for 1963 
(Kennedy 1970). Under both private and public ownership, fire has been used as a management tool. 
Late fall fires were set approximately every 3 years, after haying was completed, from ca. 1890 to 
1946 (Kennedy 1970). Since 1971, half of the prairie has been burned each year, with occasional 
lapses (John Pearson, pers. comm.). No burns were conducted from 1991-1995 to accommodate a 
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research project (John Pearson, pers. comm.). Grazing was never intensive and only occurred in late 
fall when cattle were allowed onto the prairie from adjacent fall stubble fields (Kennedy 1969). There 
has been no grazing since the prairie was fenced in 1961 (Kennedy 1970). 
The main soils of Sheeder Prairie are Shelby loam (9 to 14% and 14 to 18% slopes) on the 
hillsides and a Colo-Judson silt loam and silty clay loam complex (2 to 5% slopes, formed in alluvium) 
in a large low-lying area between the hillsides. The two highest hilltops have Sharpsburg silty clay 
loam (5 to 9% slopes) (Russell et al. 1974). 
Sundt Prairie 
Bundt Prairie is located at range 80 N 32 Win section 18 of Victory Township, Guthrie 
County, Iowa (41° 44' N lat., 94° 30' W long.). The remnant prairie is 1.2 ha of a larger tract. The 
larger tract includes the site of a former schoolhouse, which was demolished sometime between 1938 
and 1941 (Bob Flanery, pers. comm.). The land is thought to have been little used until the tract was 
acquired by the Guthrie County Conservation Board in 1986 (Bob Flanery, pers. comm.). The 
conservation board conducted two or three controlled burns prior to purchase of the tract and 
continues to conduct burns every three to four years (Joe Hanner, pers. comm.). The actual disturbed 
area underneath and immediately around the former schoolhouse was reseeded to prairie in fall 1997 
and was burned in 1998 and 1999. That area is also mowed annually to control woody vegetation, 
although the rest of the site (including the remnant prairie) is not (Joe Hanner, pers. comm.). There is 
no knowledge of intensive grazing on Bundt Prairie, although the horses that children rode to school 
grazed the site. In addition, the prairie may also have been hayed in the summer (Joe Hanner, pers. 
comm.). 
Bundt Prairie has Shelby loam (5 to 9% and 14 to 18% slopes) on most of the site (Russell et 
al. 1974). 
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A.C. Morris Prairie 
A.C. Morris Prairie (called "Morris Prairie" throughout this thesis) is located at range 80 N 18 
Win section 5 of Kellogg Township, Jasper County, Iowa (41° 47' N lat., 92° 58' W long.). The tract is 
8.1 ha, although less than half of that area is high-quality prairie. Non-native weedy species dominate 
a slough that bisects the tract, as well as areas along a neighboring road and fence line. The tract has 
been leased by the Jasper County Conservation Board from the A.C. Morris family since 1977 (Mark 
Wagner pers. comm.). In 1977, the prairie was heavily grown up with woody vegetation. No fires were 
recorded prior to 1976, when an accidental fire burned part of the tract (Wagner 1980). Fire has been 
used for management on the site since 1978. Spring burns are used on an approximately three-year 
rotation. Sometimes the number of years between burns is reduced to control woody vegetation. 
Also, in the 1990s, some adjacent fields were planted in grasses as part of the Conservation Reserve 
Program and the county conservation board was unable to burn the site for several years (Mark 
Wagner pers. comm.). The prairie has never been plowed, but was grazed by cattle until 1975 (Mark 
Wagner pers. comm., Wagner 1980). 
Morris Prairie has Downs silt loam (9 to 14% slopes) on hilltops, Gara loam (9 to 14% slopes) 
on hillsides, and an Ackmore-Colo silt loam and silty clay loam complex (2 to 5% slopes, formed in 
alluvium) in the low-lying drainages (Nestrud and Worster 1979). 
Field Methods and Data Analysis 
I completed the field work for this thesis in two segments: a pilot project in June-July 1999 
and a more comprehensive study in May through September 2000. 
1999 pilot project 
Field methods 
The goals of the pilot project were 1) to familiarize myself with the flora of the region; and 2) 
to determine what size sampling quadrat would be most appropriate to use in the main project. In 
evaluating the sampling units, I wanted to find a scale fine enough to show changes in species 
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distribution along the transect but coarse enough to not be prohibitively labor intensive, thereby 
severely limiting the number of transects I could survey in one season. 
In June 1999 I arbitrarily placed a 50-m transect on the southwestern hillside of Sheeder 
Prairie. The transect was approximately 10 m north of and ran parallel to the south fence line from 
near the top of the hill to within a few meters of the west fence line. 
Data analysis methods 
I laid out contiguous 0.25-m2 square quadrats on the transect. Each quadrat was divided into 
four 0.0625-m2 subquadrats; I recorded all vascular plant species present in each subquadrat. 
For quantitative measures of species diversity, I used Simpson's index and the Shannon-
Wiener index. Simpson's index (D) calculates the probability that two individuals chosen at random 
from a community will be different species. The index is calculated here as D = 1 - r (Pi)2. Pi is 
relative importance of species i and is calculated as ni / L nk, where ni is the number of quad rats in 
which species i was present and r nk is the sum for all species of the number of quadrats in which 
each species was present. The range for Simpson's index as used here is Oto 1; a value of O 
indicates no chance that two individuals chosen at random will be different species (i.e., all the 
individuals are the same species), while a value near 1 indicates a high probability that two 
individuals chosen at random will be different species. The Shannon-Wiener index (H') measures the 
degree of uncertainty in knowing what the next species chosen at random from a community would 
be. The index is calculated here as H' = -L (Pi (In Pi)) (Kent and Coker 1992), using the same Pi as 
Simpson's index. The lower bound on the Shannon-Wiener index is 0, which would indicate no 
uncertainty in knowing what the next species chosen at random from a community would be (i.e., all 
the individuals are the same species). There is no upper bound on the index. I also calculated 
evenness with a different version of the Shannon-Wiener index: J = H'/ H'max, where H'max =Ins ands 
is the total number of species (Kent and Coker 1992). The range for evenness is O to 1; a value near 
O indicates low species evenness (most of the individuals in the population are one or a few species), 
while a value near 1 indicates high species evenness. 
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I analyzed the species presence data at several scales to compare the patterns of species 
distribution along the transect using data from three different sizes of sampling units. Because each 
quadrat I used for the field work was split into four subquadrats, I essentially had two adjacent 
subtransects of 200 contiguous subquadrats each. For each species, I calculated the number and 
percent of sampling units in which it was present on both the entire transect and two subtransects. 
Also, for each species I examined the effect of different quadrat sizes on the patterns of species 
presence against distance from the start of the transect. I graphed each subtransect with 0.0625-m2 
subquadrats, the main transect with 0.25-m2 quadrats (i.e., by combining the two subtransect data 
sets), and the main transect with 0.5-m2 samples, by combining species presence data in two 
adjacent quadrats. These graphs allowed me to compare species presence patterns at the 0.0625-
m2, 0.25-m2 and 0.5-m2 scales. 
As a further comparison of different sizes of sampling units, I combined species presence 
data from adjacent 0.0625-m2 subquadrats to calculate the species present in 0.25-, 0.50-, 1.0-, 2.0-, 
and 4.0-m2 quadrats. I then calculated mean species richness for each sampling unit size. 
For each species, I also plotted the number of subquadrats per quadrat in which the species 
was present against position on the transect. These plots provided visual estimates of where each 
species was most frequently found on the transect. 
To quantitatively compare relative distributions of species, I calculated the Manhattan 
distance coefficient for each pair of species. For this part of the data analysis, I used a reduced data 
set that did not include species present in three or fewer quadrats. Two species (1 and 2) can be 
considered as points on a plot with their presence or absence in a particular quadrat (x) on one axis 
and their presence or absence in another quadrat (y) on the second axis. Sp,ecies presence is 
assigned a value of 1, and species absence is assigned a value of 0. Manhattan distance between 
the species in that space is calculated as (D12) = I (x1 - x2) + (Y1 -y2) I. To compare two species 
m 
based on their presence in more than two sites, the formula was generalized to (Dij) = :E I (xik - Xjk) I , 
k=1 
where mis the total number of quadrats, xik is the presence or absence of species i in quadrat k, and 
Xjk is the presence or absence of species j in quadrat k (see Johnson and Wichern 1998). Manhattan 
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distance is used as a measure of dissimilarity; greater values indicate greater dissimilarity between 
the distributions of species. 
I then used nonmetric multidimensional scaling (NMDS) to compute multidimensional 
distance between species based on the dissimilarity between the distributions of species as 
represented by the Manhattan distances (Prentice 1977, Field et al. 1982). For each species, scores 
from the first four dimensions of NMDS were graphed to show the relative positions of the species. 
Distances between the points on the graph indicate the relative dissimilarity between the species's 
distributions. 
To help interpret the NMDS graphs, a weighted average of species presence on the transect 
was calculated for each species. The weighted average was calculated by first assigning a score to 
each quadrat in which the species was present that represented the distance from the start of the 
transect to that quadrat (1 for the quadrat closest to the start and 100 for the quadrat farthest from the 
start). I then averaged the scores for each species. This showed the relative distribution of the 
species; lower numbers indicated the species's distribution was more concentrated near the start of 
the transect, and higher numbers indicated the species's distribution was more concentrated far from 
the start of the transect. 
2000 main project 
Field methods 
Transect layout 
In June 2000 I established 50-m transects in arbitrarily-selected areas of the highest quality 
vegetation on each prairie. Transects were numbered consecutively over all prairies, although the 
vegetation of transect 6 was not surveyed due to time constraints, so that transect layout is not 
described here. 
At Sheeder Prairie, I laid out two transects on the southern-most hill, in the southwestern 
corner of the prairie (Fig. 2). Transect 1 ran parallel to the south fence line, from near the top of the 
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Figure 2. Maps of transect locations on the southwestern hill of Sheeder Prairie {"Sheeder 1"). a) contour map; b) and c) three-




1999 pilot project). Transect 2 was approximately perpendicular to transect 1 and parallel to the west 
fence line. It was located near the bottom of the hill and was oriented approximately north-south. 
Also at Sheeder Prairie, I laid out three transects on the eastern hill (Fig. 3). Transects 3 and 
4 ran down the hillside, starting a few meters apart near the top but diverging slightly downhill. Both 
transects were oriented approximately east-west. Transect 5 ran approximately perpendicular to 
transects 3 and 4 and was located approximately 17 m from the west end of transect 3. 
At Bundt Prairie, I laid out three transects on the main hill (Fig. 4 ). Transects 7 and 8 ran 
down the hillside, starting a few meters apart near the top but diverging downhill. Both transects were 
approximately parallel to the south fence line and oriented east-west. Transect 9 was approximately 
perpendicular to transects 7 and 8, starting downhill and to the north of the other transects and 
running uphill and across them. 
At Morris Prairie, I laid out three transects on the southern hill (Fig. 5). Transects 1 O and 11 
ran down the hillside, starting at the same point near the top and diverging downhill. Both transects 
were approximately parallel to the east fence line and oriented south-north. Transect 12 was not quite 
perpendicular to transects 10 and 11. It started downhill to the east from the start of the other two 
transects, then ran around and slightly uphill until it crossed the other transects a few meters from 
their downhill ends. 
Vegetation sampling scheme 
In June and July 2000, I recorded all vascular plant species present in each of 100 
contiguous 0.25-m2 square quadrats on each of the 11 transects. Each transect was sampled once 
during the period. 
Site characteristics: slope measurements 
In September 2000, I used a Zeiss Elta R50 electronic total station to measure relative 




















Figure 3. Maps of transect locations on the eastern hill of Sheeder Prairie ("Sheeder 2"). a) contour map; b) and c) three-dimensional 




































Figure 4. Maps of transect locations on Bundt Prairie. a) contour map; b) and c) three-dimensional maps. All axis and contour units are in m. 
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other points on each prairie, in order to create three-dimensional site maps showing the relative 
positions of the transects and each hillside's topography. 
Site characteristics: soil sampling and analysis 
On September 26-30, 2000, I collected soil samples every 5 m on each transect. At each 
sampling point, five samples of the top 6.5 cm of soil were collected within a 0.25-m2 square area 
using a 2.5 cm diameter cylindrical corer and combined in one metal canister. In the lab, the samples 
were dried in a warm oven (approximately 50° C) for a week. 
Soil analyses were performed by the Iowa State University Soil Testing Laboratory. Soil was 
tested for P and K content by the Mehlich-3 test (Brown 1998), total C and N by combustion (Nelson 
and Sommers 1996, Matejovic 1997), and pH by protocol for the north central region of the United 
States (Brown 1998). Duplicate analyses were performed for P and K content and % organic matter 
(OM). Single analyses were performed for pH. 
Data analysis methods 
Environmental parameters 
I calculated the topographic slope along each transect using distance and elevation 
measurements computed by the Zeiss Elta R50 electronic total station. I created contour maps of the 
sites using Surfer (Win32) Surface Mapping System. I calculated the mean P, K, pH, and %OM for 
each transect using the means of the duplicate analyses for P, K, and %OM . Correlations among the 
four variables were computed with Microsoft Excel. 
Species richness and evenness 
For each species I calculated frequency for each transect and frequency for all transects 
combined based on the percent of quadrats in which the species was present. I calculated histograms 
to compare the number of rare and common species; species were placed in categories based on the 
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percent of quadrats in which they were present. Histograms were calculated for each transect, each 
prairie, and the entire combined data set. 
For quantitative measures of species diversity, I calculated Simpson's and Shannon-Wiener 
indices, including the Shannon-Wiener evenness index, for each prairie using the formulas described 
in the 1999 data analysis methods. For Sheeder Prairie, I calculated the index three times: once for 
the entire prairie, and once for each of the two hills, considering them as separate units. Also, I 
plotted collector's curves (similar to species-area curves) for each transect, using the total number of 
species observed versus the cumulative area. 
To measure species richness, I calculated the total number of species in each quadrat on 
each transect. From these data, I calculated the mean species richness per quadrat for each transect 
and for each prairie hill (n = 4) and compared the mean species richness per quadrat among the four 
hills with a one-way ANOVA. 
To observe patterns in diversity across or down hillsides, I plotted species richness per 
quadrat against position on the transect. For each transect, I tested the relationship of species 
richness versus quadrat position with a linear regression. 
Similarities and dissimilarities in species compositions 
To examine similarities between prairies based on their species composition, I used 
Jaccard's index of similarity. The index (SJ) is calculated as SJ= a I (a + b + c), where a is the number 
of species common to both prairies, b is the total number of species found only on one prairie, and c 
is the total number of species found only on the other prairie (Kent and Coker 1992). A Jaccard's 
index of O would indicate two sites have no species in common and an index of 1 would indicate two 
sites have identical species lists. 
To compare the dissimilarity between transects based on their species composition, I 
calculated the Manhattan distance coefficient between each pair of transects, both within and among 
prairies. Manhattan distance as a measure of dissimilarity is described in the 1999 data analysis 
methods, although here it was used to compare transects instead of species using the same formula: 
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m 
(Dij) = k;1 I Xik - Xjk I , where m is the total number of species, xik is the presence or absence of species 
k on transect i, and Xjk is the presence or absence (represented by 1 or 0, respectively} of species k 
on transect j. 
I used the same method to calculate the dissimilarity between quadrats based on their 
species composition. The quadrat dissimilarity values were then plotted against the actual distance 
between the quadrats, for all possible pairs from 0.5 to 49.5 m, to see if the dissimilarity of quadrats 
changed with the physical distance between them (see Nekola and White 1999 for a similar 
procedure). The relationship between dissimilarity and distance on each transect was tested using a 
linear regression in SAS. The regression slopes could be tested by randomly reassigning distance 
coordinates to the quadrats, fitting a linear regression to each randomization, and using the p-values 
from the random models to generate one p-value against which the observed regression coefficient 
could be compared. Also, to test the effects of rare species on the dissimilarity between quadrats, I 
removed all taxa present in less than 10% of the quadrats overall and repeated the analyses. 
Individual species distribution patterns 
To quantitatively compare the distributions of species relative to one another, I calculated the 
Manhattan distance coefficient for each pair. As in 1999, I then used NMDS to compute the 
multidimensional distance between species based on the Manhattan distance dissimilarity values. 
I used a one-dimension version of Ripley's K statistic to determine on what scale patchiness 
could be observed for individual species. Ripley's K statistic tests the null hypothesis that the species 
has complete spatial randomness. The statistic is normally calculated as K2(t) = (1/p2N) L Ni(t), where 
i 
Ni(t) is the number of points within a distance t of a quadrat at point i, and p2 is N/A, with N the total 
number of quadrats in which the species is present and A the total area in which the quadrats occur. 
Here the subscript 2 indicates a two-dimensional space is considered, while the subscript 1 used 
below indicates a one-dimensional space. Under complete spatial randomness in two dimensions, 
K2{t) = 1t t2, where tis the physical distance between two quadrats distributed in some two-
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dimensional space. The data collected on my transects were one-dimensional. The one-dimensional 
statistic also tests the null hypothesis that the species has complete spatial randomness, or K1{t) = 2t. 
I used the SAS program "Spacepgm.sas" by Dr. Barry Moser of Louisiana State University to 
calculate the one-dimensional K statistic separately for each species on each prairie on which it was 
present in more than 5% of the quadrats. Because Moser's program was written for two-dimensional 
data, I made two adjustments: 1) I arbitrarily set the area as 200 by 700 m to eliminate edge effects, 
and 2) I modified the K statistic after it had been calculated by the program. The one-dimensional K 
statistic is calculated as K1{t) = (1/p1Ni) L [N(t)], where N(t) and N are the same as described above 
i 
but P1 is N/L, where L is the length of the transect. The two-dimensional statistic can be rearranged to 
solve for L [N(t)], and then that answer can be substituted into the one-dimensional equation to give 
K1(t) = (1/p1) p2 K2, or K1(t) = (UN) (N/A) K2• Because N is the same in both equations, it cancels, and 
I obtained K1(t} by multiplying K2(t) (from the Moser program) by LIA. 
To test the one-dimensional K statistics for spatial randomness at distance t, Dr. Philip Dixon 
of the Iowa State University Department of Statistics helped me simulate 199 presence/absence 
matrices for values of N from Oto 300 (for Bundt and Morris Prairies) or 500 (for Sheeder Prairie), 
based on the total number of quadrats on each prairie. Next, for each N, we calculated the one-
dimensional K statistic for each matrix, and we calculated the critical value as the upper 95th 
percentile of the K statistics. Then we performed a linear regression of the critical values for all N at a 
given distance (t) against (n-N)/N, where n is the total number of quadrats on a prairie and where (n-
N) is in the numerator to adjust for sampling in a finite population. The linear regression was an 
appropriate model at short distances, but it overestimated the critical values when twas large{> 7.5 
m) and N was small (< 25, i.e., (n-N)/N > 20). The intercept (a(t)) and slope (q(t)) from the regression 
were used to estimate the critical value for each distance t from 0.5 to 17 .5 m by using the equation: 
q(t) = a(t) + b(t)*f, where f is (n-N)/N. The 0.5-m lower limit was chosen because it is the smallest non-
zero distance between two quad rats. The upper limit was arbitrarily set at 17 .5 m because as t gets 
large, an edge-effect bias is introduced and the model is less appropriate. For each species on each 
prairie, I rejected the null hypothesis of spatial randomness at distance t if the observed K1 was 
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greater than the predicted K1 (i.e., q(t)). The predicted critical values were conservative, i.e., larger 
than the true critical values, which would have to have been calculated for each combination of 
species and prairie. 
Species distribution patterns in relation to soil characteristics 
Linear regressions were used to relate the distribution of individual species to soil 
characteristics. For each species, the number of quadrats in which the species was present within 2.5 
m of each soil sampling point was used as a measure of frequency (for sampling points at the end of 
the transect, species presence in the five nearest quadrats was counted, and for all other sampling 
points, species presence in 10 quad rats was counted). Those frequencies were regressed against P 
(ppm), pH, and % OM values. Each regression was run on data combined from all prairies on which 
the species was present (i.e., not including data from prairies on which the species was not present). 
To test for overall patterns in species distributions in relation to all four measured soil 
characteristics (P, K, pH, and% OM), I used the first two NMDS dimension scores from the analyses 
that had been run to compare species based on their relative distributions. For each species, I 
multiplied its two NMDS scores by the species's frequency (as calculated above). I then summed the 
scores across species to give two new dimensions (sets of 'site scores') for each of the 121 soil 
sampling sites. For each of the four soil characteristics, I then fit a multiple regression against the two 
sets of site scores. The coefficients for the two sets of site scores from each regression were used as 
(x, y) coordinates on a plot of the two sets of site scores. Each pair of (x, y) coordinates was used as 
an endpoint for a vector extending from the centroid of the data set {the point at the means of the two 
dimensions). The direction of each vector represents the direction in which the two axes have the 
maximum linear correlation with the associated soil characteristic (see Faith and Norris 1989). 
Based on the results of the first set of vector overlays {discussed in the Results section), I 
reran the NMDS without the data from Morris Prairie. I then weighted the revised first two dimensions 




To test for pairs of species that co-occurred more or less frequently than expected by chance 
alone, I used the program "Birds.ijs" by Dr. Ralph Selfridge of the University of Florida. The key 
algorithm used in the program is described in Sanderson et al. (1998). The program was used to 
generate 10,000 species presence/absence matrices for each of the three prairies. The matrices 
required the number of species in each quadrat and the number of quadrats in which each species 
was observed to be equal to the observed values (Sanderson et al. 1998). 
The number of times each species pair actually occurred in each of the three prairies was 
calculated. From the 10,000 null matrices, the number of times each species pair occurred more than 
or equal to the number of observed co-occurrences was calculated, as was the number of times each 
species pair occurred less than or equal to the number of observed co-occurrences. The larger value 
of these two values was divided by 10,000 to obtain the probability of observing the number of co-
occurrences that were actually observed. Because of the large number of species pairs to test per 
prairie, there was a high probability of falsely identifying pairs as co-occurring nonrandomly. To 
account for this, I used a highly conservative p-value that was calculated as a /n, where n is the 
number of species pairs tested. If the probability based on the predicted number of co-occurrences 
was less than the p-value, then the observed number of co-occurrences of that pair was deemed 
significant, i.e., non-random. 
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RESULTS 
1999 Pilot Project 
Species richness and diversity 
A total of 53 taxa was distinguished on the transect in the pilot study (Table 1 ). Three of the 
taxa are genera that I was unable to key to species based on vegetative characteristics: Carex spp., 
which includes an unknown number of sedges; Melilotus spp., which includes M. alba and M. 
officinalis; and Rosa spp., which includes R. arkansana and R. blanda. Also, I identified two 
Table 1. Species found on the transect on Sheeder Prairie in the 1999 pilot project. 
Combined 
Entire transect Subtransect 1 Subtransect 2 subtransects 
Quadrats present: Subquadrats present: Subquadrats present: Subquadrats present: 
Species Number Number % Number % Number % 
Ambrosia psilostachya a 1 0 0.0 2 1.0 2 0.5 
Ambrosia trifida a 2 1 0.5 1 0.5 2 0.5 
Amorpha canescens 28 22 11.0 22 11.0 44 11.0 
Andropogon gerardii 70 99 49.5 92 46.0 191 47.8 
Anenome cy/indrica 10 3 1.5 8 4.0 11 2.8 
Aster ericoides. 87 109 54.5 99 49.5 208 52.0 
Aster oolentangiensis 50 2 1.0 1 0.5 122 30.5 
Aster sericeus a 3 63 31.5 59 29.5 3 0.8 
Astragalus canadensis a 1 1 0.5 0 0.0 1 0.3 
Bouteloua curtipendula 35 31 15.5 35 17.5 66 16.5 
Carexspp. 99 189 94.5 182 91.0 371 92.8 
Ceanothus herbaceus 20 19 9.5 17 8.5 36 9.0 
Chamaecrista fasciculata 15 6 3.0 9 4.5 15 3.8 
Comandra umbellata 68 84 42.0 86 43.0 170 42.5 
Coreopsis palmata 29 31 15.5 22 11.0 53 13.3 
Dalea candida a 2 3 1.5 2 1.0 5 1.3 
Dalea purpurea 31 40 20.0 36 18.0 76 19.0 
Dichanthelium leibergii 81 102 51.0 103 51.5 205 51.3 
Dichanthelium oligosanthes 
v scribnerianum 36 34 17.0 26 13.0 60 15.0 
Dichanthe/ium oligosanthes 
v wilcoxianum 11 9 4.5 5 2.5 14 3.5 
Echinacea pa/Iida 41 27 13.5 25 12.5 52 13.0 
Elymus canandensis 43 46 23.0 48 24.0 94 23.5 
Erigeron strigosus a 1 0 0.0 1 0.5 1 0.3 
Euphorbia corollata 75 80 40.0 65 32.5 145 36.3 
Fragaria virginiana 6 6 3.0 6 3.0 12 3.0 
a Species was not included in the nonmetric multidimensional scaling (NMDS) analyses due to very 
low frequency of occurrence. 
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Table 1. Continued. 
Combined 
Entire transect Subtransect 1 Subtransect 2 s ubtransects 
Quadrats present: Subquadrats present: Subquadrats present: Subquadrats present: 
Species Number Number % Number % Number % 
Helianthus rigidus 70 108 54.0 93 46.5 201 50.3 
Heliopsis helianthoides 6 2 1.0 6 3.0 8 2.0 
Lespedeza capitata 8 2 1.0 9 4.5 11 2.8 
Liatris aspera 12 10 5.0 3 1.5 13 3.3 
Liatris squarrosa 38 38 19.0 37 18.5 75 18.8 
Lithospermum canescens 14 9 4.5 10 5.0 19 4.8 
Lobe/ia spicata 17 15 7.5 7 3.5 22 5.5 
Melilotus spp. 62 58 29.0 65 32.5 123 30.8 
Monarda fistulosa 27 25 12.5 29 14.5 54 13.5 
Muhlenbergia racemosa 6 3 1.5 8 4.0 11 2.8 
Pastinaca saliva a 1 1 0.5 0 0.0 1 0.3 
Pedicularis canadensis 4 1 0.5 3 1.5 4 1.0 
Poa pratensis 69 102 51.0 94 47.0 139 34.8 
Phlox pilosa 85 69 34.5 70 35.0 47 11.8 
Physa/is virginiana 23 23 11.5 24 12.0 196 49.0 
Ratibida pinnata 49 36 18.0 32 16.0 68 17.0 
Rosa spp. 15 14 7.0 11 5.5 25 6.3 
Schizachyrium scoprarium 77 85 42.5 77 38.5 162 40.5 
Silphium laciniatum 24 19 9.5 16 8.0 35 8.8 
Sisyrinchium campestre 45 49 24.5 47 23.5 96 24.0 
Solidago canadensis 43 64 32.0 54 27.0 118 29.5 
Sorghastrum nutans 91 147 73.5 131 65.5 278 69.5 
Sporobolus heterolepis 53 57 28.5 58 29.0 115 28.8 
Stipa spartea 70 81 40.5 64 32.0 145 36.3 
Tradescantia bracteata 10 7 3.5 6 3.0 13 3.3 
Viola pedatifida 34 24 12.0 29 14.5 53 13.3 
Viola pedatifida x sororia 19 12 6.0 15 7.5 27 6.8 
Viola sororia 4 4 2.0 1 0.5 5 1.3 
Unknown A 10 6 3.0 10 5.0 16 4.0 
Unknown B 7 6 3.0 3 1.5 9 2.3 
Unknown C 4 3 1.5 2 1.0 5 1.3 
varieties of the species Dichanthelium oligosanthes, var. scribnerianum and var. wilcoxianum, and a 
cross between two species of violets, Viola sororia x pedatifida (Deborah Lewis and Bill Norris, pers. 
comm.). Three unknown species present in more than three quadrats were also used in NMDS data 
analysis. 
The five taxa present in the most quadrats were Carex spp., Sorghastrum nutans, Aster 
ericoides, Phlox pilosa, and Dichanthelium leibergii (Table 2). The six species present in the fewest 
quadrats were Ambrosia trifida, Dalea candida, Ambrosia psilostachya, Astraga/us canadensis, 
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Table 2. The most frequent and least frequent plant species observed on the transect on Sheeder 
Prairie in the 1999 pilot project. Frequency is the percent of0.25-m2 quadrats (of 100) in which each 











































Erigeron strigosus, and Pastinaca sativa. Overall, almost a third of the species (30%) were found in 
20 or fewer of the 100 quadrats on the pilot transect, while four species (8%) were found in 80 or 
more quadrats (Figure 6). 
Simpson's index was 0.9998, which means there is a very high probability that two individuals 
drawn at random from two quadrats drawn at random on the transect will be different species. This 
indicates, overall, a high diversity. The Shannon-Wiener index of diversity for the transect was 3.61, 
indicating a high degree of uncertainty about what species-quadrat pair would be drawn at random 
from all the species-quadrat combinations. This indicates high species richness. The index of 
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Figure 6. Frequency histogram of the number of plant species that occupy a given number of 
quadrats (grouped by 5s) on the transect on Sheeder Prairie in the 1999 pilot project. 
The identified species represented 19 families. The families with the most species were 
Asteraceae (17 species) and Poaceae (12 species). Of the 53 taxa identified, four were not native 
(Ambrosia trifida, Melilotus spp., Pastinaca sativa, and Poa pratensis). 
The mean number of taxa per 0.0625-m2 subquadrat was 10.1 (standard deviation = 2.02), 
with a range of 5 to 17. The mean number of taxa per 0.25-m2 quadrat was 18.6 (standard deviation = 
2.56), with a range of 12 to 24. The number of taxa per quadrat decreased slightly, but significantly, 
with distance from the start of the transect (Figure 7), which means the species richness decreased 
downhill from the start of the transect. 
Sampling unit comparisons 
A primary goal of the 1999 pilot project was to compare species abundance and distribution 
data obtained from two sizes of sampling units, 0.25-m2 quadrats and 0.0625-m2 subquadrats, to 
determine which would be the appropriate size to use for the main project. On the pilot study transect, 
31 
26 -~ 
"O 24 ct! •• ::::, 
C" •• • • 
~ 22 • Q,) • • C. - • • • • • • • • • -C: 20 Q,) • • • • • •• • • •• •• • en 
Q,) 
~ •• I • • -.. • 
C. 18 • • • • • • •• • ee •• en 
Q,) • • • - • • • ••• • ·c3 16 • • • • • •• CD C. en • • • • • •• .... 14 0 • • 
~ 
Q,) • • ..c 12 E • 
::::, z 
10 
0 10 20 30 40 50 
Distance from start of transect (m) 
Figure 7. Species richness vs. distance from the start of the transect on Sheeder Prairie in the 1999 
pilot project. Species richness decreased slightly, but significantly, with distance from the start of the 
transect. The equation of the line is y = -0.36x + 19.5. The t-statistic for the intercept = 38.3, with p-
value < 0.0001; the t-statistic for the slope = -2.05, with p-value = 0.0434. Adjusted R2 = 0.031, 
d.f. = 99. 
two species (Astragalus canadensis and Pastinaca sativa) recorded on the transect at the larger 
quadrat scale were not observed in one of the two subtransects of smaller quadrats (Table 1 ). 
Also, I summed the number of subquadrats in which each species was observed in the two 
subtransects (Table 1 ). The percent of subquadrats in which a species was present was always less 
than the percent of quadrats in which it was present (the percent of subquadrats could only be equal 
to or less than the percent of quadrats). On average, the percent of quadrats in which each species 
was present was 2.44 times the percent of subquadrats in which each species was present (standard 
deviation = 0.77, range = 1.07 to 4). For example, Carex spp. individuals were observed in 99 out of 
100 quadrats, but in 371 out of 400 subquadrats on the two subtransects, so the percent of quad rats 
in which it was present was 1.07 times the percent of subquadrats. Pedicularis canadensis individuals 
were observed in 4 out of 100 quad rats and in 4 out of 400 subquadrats, so the percent of quadrats in 
which it was present was 4 times the percent of subquadrats. 
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In addition, I plotted the mean species richness versus the sampling unit size, with larger 
sample unit sizes obtained by combining 0.25-m2 quadrats (Fig. 8). The line began to level off at a 
quadrat size of 1.0 m2, indicating fewer additional species were observed per unit increase in quadrat 
size. This indicates that a sampling unit size near 1.0 m2 would measure more than 75% of the 
species richness in a 4.0-m2 area, while a sampling unit size near 0.25 m2 would measure 
approximately half of the species richness in a 4.0-m2 area. 
Graphs were used to compare species position on the transect for both the 0.25-m2 quadrats 
and 0.0625-m2 subquadrats. Examples from three species are shown in Figures 9 - 11. Overall, the 
/ 
graphs of species presence at the subquadrat level show patchy species· distributions with many gaps 
where a species was not observed, while the graphs at the quadrat level show more continuous 
species distributions with fewer gaps. Further, the graphs of species presence in 0.5-m2 rectangular 
quadrats, which combined species presence data for pairs of adjacent 0.25-m2 square quadrats, 
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Figure 8. Species richness vs. sampling unit size on Sheeder Prairie in the 1999 pilot project. Species 
presence was recorded in 0.0625-m2 quadrats, and those data were combined to find the number of 



























a) Aster ericoides: presence in 0.0625-m2 subquadrats on Subtransect 1 
b) Aster ericoides: presence in 0.0625-m2 subquadrats on Subtransect 2 
c) Aster ericoides: presence in 0.25-m2 quadrats 
d) Aster ericoides: presence in o.s-m2 quadrats 
10 20 30 
e) Aster ericoides: frequency per 0.25 m2 quadrats 
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Figure 9. The distribution of Aster ericoides on the transect on Sheeder Prairie in the 1999 pilot 
project. a) and b) species presence in contiguous 0.625-m2 subquadrats on subtransects 1 and 2, 
respectively; c) species presence in contiguous 0.25-m2 quadrats on the transect, combining 
presence data from the two subtransects; d) species presence in contiguous 0.5-m2 quadrats on the 
transect, combining presence data from pairs of adjacent 0.25-m2 quadrats; e) frequency, expressed 
as the number of subquadrats in which the species was present per 0.25-m2 quadrat. In graphs a-d, 
species absence and presence are represented by O and 1, respectively. 
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Figure 10. The distribution of Liatris squarrosa on the transect on Sheeder Prairie in the 1999 pilot 
project. a) and b) species presence in contiguous 0.625-m2 subquadrats on subtransects 1 and 2, 
respectively; c) species presence in contiguous 0.25-m2 quadrats on the transect, combining 
presence data from the two subtransects; d) species presence in contiguous 0.5-m2 quadrats on the 
transect, combining presence data from pairs of adjacent 0.25-m2 quadrats; e) frequency, expressed 
as the number of subquadrats in which the species was present per 0.25-m2 quadrat. In graphs a-d, 












a) Sporobolus heterolepis: presence in 0.0625-m2 subquadrats on subtransect 1 
b) Sporobolus heterolepis: presence iri 0.0625-m2 subquadrats on subtransect 2 
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Figure 11. The distribution of Sporobo/us heterolepis on the transect on Sheeder Prairie in the 1999 
pilot project. a) and b) species presence in contiguous 0.625-m2 subquadrats on subtransects 1 and 
2, respectively; c) species presence in contiguous 0.25-m2 quadrats on the transect, combining 
presence data from the two subtransects; d) species presence in contiguous 0.5-m2 quadrats on the 
transect, combining presence data from pairs of adjacent 0.25-m2 quadrats; e) frequency, expressed 
as the number of subquadrats in which the species was present per 0.25-m2 quadrat. In graphs a-d, 
species absence and presence are represented by O and 1, respectively. 
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show patterns similar to those for 0.25-m2 level quadrats. With 0.5-m2 quadrats, distributions tended 
to be continuous, with even fewer gaps, but verged on becoming so homogenous that distinctions 
were lost. 
Figures 9 -11 also show species distributions based on frequency, expressed as the number 
of subquadrats in which the species was present per 0.25-m2 quadrat. These graphs provide the most 
information about the relative abundance of a species along the transect, while individually the other 
graphs only show species presence. 
Overall, there was sufficient evidence to indicate that a 0.25-m2 quadrat would be an 
appropriate size for use in the 2000 study. That size was large enough that clusters of species were 
evident but the number of clusters would not be overestimated, as might occur with smaller quadrats. 
At the same time, the 0.25-m2 quadrat was not so large that most gaps between clusters were lost. 
This size was large enough to account for about a third of the total species richness on the transect . 
Although the 0.0625-m2 subquadrats did provide more information about relative frequency, the 0.25-
m2 quadrats would allow me to complete more transects in the field time available while still detecting 
trends in species' distributions. 
Species distributions 
I used two- and four-dimensional NMDS to compute the distance between species based on 
dissimilarity values. The four-dimensional method had a lower badness-of-fit criterion than the two-
dimensional method (Table 3). In general, a badness-of-fit criterion lower than 0.10 corresponds to a 
good ordination with little risk of drawing false inferences, while a badness-of-fit criterion lower than 
Table 3. Summary of two- and four-dimensional nonmetric multidimensional scaling (NMDS) analyses 
of 1999 pilot project data based on Manhattan distance (a measure of dissimilarity between species). 
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Figure 12. Dimensions 1 and 2 from nonmetric multidimensional scaling (NMDS) analysis of the1999 
pilot project data. a) point labels are abbreviated species names (see Appendix 1 ); b) point labels are 
weighted averages of species position on the transect. 
2.0, especially at the lower ~nd of the range, still provides "a usable picture" (Clarke 1993). A perfect 
frt of the data to the dimensions would have a value of 0. Dimension 2 scores versus dimension 1 
scores for each species are shown in Figure 12. Dimension 1 separated the species on the basis of 
frequency. The species present in the most quadrats had the highest scores and are on the right side 
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of the graph, while the species present in the fewest quadrats had the lowest scores and are 
clustered on the left side of the graph. Fig. 12a clearly shows there were many rare species 
compared to commonly-found species, to the extent that the data points for rare species piled on top 
of one another. 
Dimension 2 separates the species by their distribution on the transect. Species that were 
more frequently present in quadrats near the start of the transect had the lowest scores and are near 
the bottom of the graph, whereas species that were more frequently present in quadrats far from the 
start of the transect had the highest scores and are near the top of the graph. Species that were 
neither skewed toward the start nor away from the start of the transect (e.g., species distributed 
almost evenly along the transect) are in the middle of the graph. To help interpret the data in Fig. 12b, 
I used the weighted average distribution of each species as data labels. For a given overall 
frequency, the weighted averages tend to increase along the dimension 2 axis. 
For example, Aster oolentangiensis (ASTO) and Elymus canadensis (EL YC) have similar 
scores along the dimension 1 axis, indicating they were present in approximately the same number of 
quadrats overall. However, A. oolentangiensis has a low dimension 2 score and a weighted average 
of 42.0, while E canadensis has a high dimension 2 score and a weighted average of 75.2. This 
indicates that the distribution of A oolentangiensis individuals was skewed toward the start of the 
transect (the species was present almost continuously in quadrats between 6 and 24 m from the start 
and was absent in all quadrats past 41 m from the start), and that the distribution of E. canadensis 
individuals was skewed away from the start of the transect (the species was not present in the first 24 
m of the transect). 
Dimension 4 scores versus. dimension 3 scores for each species are shown in Figure 13. 
Although dimensions 3 and 4 decrease the badness-of-fit criterion of the analysis, they are more 
difficult to interpret than the first two dimensions. Similar to dimension 2, dimensions 3 and 4 also 
appear to separate the species based on some aspect of their distributions along the transect. Both 
Carex spp. and several rare species have dimension 3 and 4 scores near O and so are clustered in 
the center of the graph. Species that are present nearly everywhere or in very few places are 
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Figure 13. Dimensions 3 and 4 of nonmetric multidimensional scaling (NMDS) analysis of 1999 pilot 
project data. Abbreviated species names are used as point labels (see Appendix 1 ). 
distinguished only by overall frequency and are difficult to separate according to any other patterns of 
their distributions. The location of both rare and very common species near O indicates that species 
distributions may be driving the separation on the dimensions 3 and 4 axes. 
The NMDS was based on data from the 0.25-m2 quadrats. The results from the analysis 
provide evidence that differences in species distributions, at least in two dimensions, are discernible 
using that sampling unit size. 
2000 Main Project 
Environmental parameters 
The hillside on Morris Prairie (Fig. 14) was steepest of the three prairies, with slopes ranging 
. from 0.14 to 0.22 m/m. The mean slope on transect 10 was O .16 m/m, on transect 11 was 0.19 m/m, 
and on transect 12 was 0.06 m/m. The hillside on Bundt Prairie (Fig. 14) was shallowest, with slopes 




--- Transect 7 




4 -E -C: 3 
0 :,.::; ro > 2 (l) 
(l) Morris Prairie 
(l) 
> --- Transect 10 :,.::; 8 ro --o- Transect 11 





0 10 20 30 40 50 
Distance from start of transect (m) 
Figure 14. Relative elevations of transects on Bundt Prairie (transects 7-9) and Morris Prairie 
(transects 10-12). 
m/m, and on transect 9 was 0.02 m/m. Sheeder Prairie (Fig. 15) was intermediate, with slopes of 0.10 
to 0.17 m/m. The average slope on transect 1 was 0.14 m/m, on transect 2 was 0.02 m/m, on 
transect 3 was 0.13 m/m, on transect 4 was 0.15 m/m, and on transect 5 was 0.01 m/m. All four 
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Figure 15. Relative elevations of transects on Sheeder Prairie. a) southwestern hill, transects 1, 2; 
b) eastern hill, transects 3-5. 
distance, as would be expected (Fig. 14 and 15). Also, the top of transect 1 on the southwestern hill 
of Sheeder Prairie was approximately 5 m lower in elevation relative to transect 5 on the eastern hill 
of Sheeder Prairie. 
The mean P, K, pH, and% OM by transect are shown in Fig. 16 and 17. The means of the 
same characteristics by prairie are given in Table 4. Overall, the southwestern hillside on Sheeder 
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Figure 16. Average soil P and K values for each transect. Error bars show± one standard deviation. 
Prairies are indicated next to transect numbers (B = Bundt, M = Morris, and S = Sheeder). A total of 
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Figure 17. Average soil pH and% OM values for each transect. Error bars show± one standard 
deviation. Prairies are indicated next to transect numbers (B = Bundt, M = Morris, and S = Sheeder). 
A total of 11 soil samples was collected from each transect in September 2000. 
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the prairies had an overall mean P, K, pH, or% OM that was significantly different from the overall 
mean of any other prairie. 
Also,% OM was a linear combination of the other soil variables, as calculated by SAS: 
% OM= (-9.74 x 10·15 P) + (0.5 K) + (0.5 pH) 
Kand pH contributed most strongly to the linear combination. Since K was strongly correlated with P 
(Table 5), only P, pH, and % OM were used in the linear regression analysis of species distribution in 
relation to soil characteristics (results are reported later in this section). 
Species richness and evenness 
A total of 85 taxa was identified over all three prairies in June-July 2000 {Table 6). There 
were 78 taxa identified on Sheeder Prairie, 67 on Sundt Prairie, and 52 on Morris Prairie. 
Table 4. Mean values of soil P, K, pH and% OM for each prairie. A total of 11 soil samples was 
collected from each transect in September 2000. Sheeder 1 and Sheeder 2 are the southwestern and 
eastern hills of Sheeder Prairie, respectively. 
P (ppm) K (ppm) pH %OM 
Standard Standard Standard Standard 
Prairie Mean Deviation Mean Deviation Mean Deviation Mean Deviation 
Sheeder1 10.4 3.2 260.7 57.2 7.3 0.5 6.4 0.8 
Sheeder2 5.8 1.3 206.0 38.3 6.5 0.3 6.6 0.9 
Sundt 8.3 2.6 192.0 61.1 6.1 0.2 7.1 0.8 
Morris 6.1 1.8 160.5 34.2 6.2 0.1 5.8 0.8 
Table 5. Correlation (r values) of soil characteristics across all prairies. Soil samples (n = 121) were 
collected from all prairies in September 2000. Single analyses were run on each sample for pH, and 
duplicate analyses were run on each sample for P, Kand % OM. 
Mean P Mean K pH Mean% OM 
Mean P 1.0 0.71 0.23 0.28 
Mean K 1.0 0.34 0.13 
pH 1.0 0.07 
Mean% OM 1.0 
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Table 6. Species frequency by prairie. Frequency is the number of quadrats in which a taxon was 
present divided by total number of quadrats per prairie. The two hillsides on Sheeder Prairie are listed 
separately. Sheeder Prairie 1 (200 total quadrats) includes the two transects on the southwestern 
hillside, and Sheeder Prairie 2 (300 total quadrats) includes the three transects on the eastern 
hillside. Sundt and A.C. Morris Prairies each had three transects (300 total quadrats). Dashes(--) 
indicate a species was absent on that prairie. Data were collected in June and July 2000. 
Sheeder1 Sheeder2 Sundt Morris 
%of %of %of %of 
quadrats quadrats quadrats quadrats 
Species present present present present 
Achil/ea millefolium 0.7 1.7 16.0 
Ambrosia psilostachya 10.5 12.3 2.3 
Ambrosia trifida 2.0 2.7 0.3 
Amorpha canescens 55.0 71.0 63.7 19.7 
Andropogon gerardii 73.5 53.3 60.7 75.0 
Anenome cylindrica 5.0 1.0 0.7 84.3 
Antennaria neglecta 0.7 36.7 
Artemesia ludoviciana 8.0 13.7 
Asclepias tuberosa 2.7 1.0 
Aster ericoides 49.5 42.0 65.3 94.3 
Aster oolentangiensis 36.5 51.7 37.7 
Aster sericeus 0.3 
Baptisia bracteata 1.0 1.0 
Bouteloua curtipendula 19.0 6.0 3.0 0.3 
Bromus inermis 68.0 12.3 61.0 
Calystegia sepium 4.5 10.7 5.3 0.3 
Carex spp. 92.5 85.0 99.7 98.7 
Ceanothus herbaceus 14.5 10.3 4.0 
Chamaecrista fasciculata 21.5 3.0 8.7 
Cirsium discolor 1.7 
Comandra umbellata 51.5 43.3 60.0 
Coreopsis palmata 39.0 30.0 3.7 
Comus drummondii 3.3 
Dalea candida 3.0 0.3 
Dalea purpurea 12.0 
Desmodium illinoense 0.3 0.3 3.3 
Dichanthelium leibergii 65.0 49.0 20.7 
Dichanthelium oligosanthes 
var. scribnerianum 8.0 18.3 7.0 58.3 
Dichanthelium oligosanthes 
var. wilcoxianum 7.0 18.3 35.3 
Echinacea pa/Iida 27.5 6.3 24.0 62.3 
Elymus canadensis 7.5 8.3 1.7 0.7 
Erigeron strigosus 2.0 0.3 0.3 
Eryngium yuccifolium 12.7 48.0 1.0 
Euphorbia corollata 41.5 31.3 71.0 54.3 
Fragaria virginiana 2.5 6.7 8.3 2.0 
Helianthus rigidus 57.5 53.3 84.0 11.0 
Heliopsis helianthoides 14.0 12.7 4.3 
Heuchera richardsonii 1.3 
Koeleria macrantha 1.0 0.3 0.3 
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Table 6. Continued. 
Sheeder1 Sheeder2 Sundt Morris 
%of %of %of %of 
quadrats quadrats quadrats quadrats 
Species present present present present 
Lactuca canadensis 1.5 4.3 7.3 2.7 
Lespedeza capitata 5.0 7.7 23.7 87.0 
Liatris aspera 12.5 1.7 2.7 44.7 
Liatris pycnostachya 2.5 7.0 21.0 1.7 
Liatris squarrosa 5.0 
Unum su/catum 3.5 2.7 
Lithospermum canescens 11.0 2.0 1.3 30.7 
Lobelia spicata 4.0 4.7 4.0 8.3 
Lysimachia ciliata 6.7 0.3 10.3 
Meli/otus spp. 39.5 0.3 5.3 
Monarda fistulosa 40.5 10.0 12.3 24.3 
Muhlenbergia racemosa 14.0 0.3 2.3 
Oxalis stricta 0.7 2.0 1.3 
Pedicularis canadensis 25.0 1.7 
Pediomelum esculentum 1.0 0.3 
Penstemon grandif/orus 1.0 
Phlox pilosa 55.0 78.0 68.3 1.7 
Physa/is heterophylla 3.0 1.0 0.0 
Physalis virginiana 30.5 36.7 20.3 11.0 
Platanathera praeclara 0.3 
Poa pratensis 97.5 92.3 89.3 77.3 
Potentilla arguta 0.5 6.7 3.7 
Pycnanthemum virginianum 1.7 2.3 
Ratibida pinnata 32.5 38.0 27.0 17.7 
Rosa spp. 7.5 38.3 88.0 76.0 
Rudbeckia hirta 0.3 64.0 
Schizachyrium scoparium 48.0 64.0 44.3 73.0 
Scutellaria parvula 5.3 
Silphium integrifolium 0.5 30.3 
Silphium laciniatum 8.0 6.3 10.0 0.7 
Sisyrinchium campestre 17.5 9.7 6.0 91.7 
Solidago canadensis 15.0 8.3 22.0 1.0 
Solidago missouriensis 10.7 26.0 
So/idago ridigus 12.0 0.3 12.0 62.0 
Sorghastrum nutans 41.5 26.3 45.7 5.7 
Sphenopholis obtusata 0.5 11.0 4.3 16.3 
Sporobolus heterolepis 10.5 47.3 46.3 
Stipa spartea 30.0 33.7 6.0 
Strophostyles he/vu/a 5.5 4.3 1.3 
Taraxacum officinale 1.0 
Tradescantia bracteata 7.0 7.3 
Verbena stricta 0.3 
Viola pedatifida 4.0 4.3 23.7 
Viola pedatifida x sororia 3.5 4.0 10.7 1.3 
Viola sororia 1.5 0.3 7.7 3.3 
Zizia aurea 11.5 19.7 
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Overall, 59% of the taxa were present in 10% or less of the quadrats, and 71 % of the taxa were 
present in 20% or less of the quadrats (n = 1100). Only two taxa (2.4%) were present in 80% or more 
of the quadrats (Fig. 18). This distribution pattern of many rare species and few very common species 
holds for each prairie hillside (Fig. 18). 
On a smaller scale, a large fraction of the species of each quadrat tended to be common 
species (those found in 20-79% of the quad rats on a prairie), with a smaller fraction of the species 
being rare or very common species (those found in less than 20% or more than 80% of the quadrats 
on a prairie, respectively). I examined the species composition of a random sample of 5% of the 
quadrats on each prairie. Based on this sample, there was no evidence of some quadrats consisting 
primarily of rare species, and no evidence of some quadrats consisting primarily of very common 
35 40 





UJ 10 UJ 
Q) Q) 10 ·c3 5 ·c3 Q) Q) 
C. C. 
UJ 0 UJ - - 0 0 0 
'- b. '- d. Q) Q) .0 .0 25 
E 40 E ::, ::, 







0 20 40 60 80 100 0 20 40 60 80 100 
Percent of quadrats occupied 
Figure 18. Species frequencies for a) all prairies combined (n = 1100 quadrats), b) Sheeder (n = 500), 
c) Sundt (n = 300), and d) Morris (n = 300) Prairies. Species distributions on individual transects were 
similar to distributions on both the prairie and overall scales. 
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Figure 19. Relative contribution of frequency classes of species to the overall species composition of 
a quadrat. Species were placed in frequency classes based on the percent of quadrats in which they 
were present on a given prairie. Means are based on a random sample without replacement of 5% of 
the quadrats on each prairie (n = 25 for Sheeder Prairie and n = 15 for Sundt and Morris Prairies). 
Error bars show± one standard deviation. Data were collected in June and July 2000. 
species (Fig. 19). Rare species {those found in less than 20% of the quadrats on a prairie) made up 
no more than 44% of the species in any quadrat, and very common species (those found in more 
than 80% of the quadrats on a prairie) made up no more than 38% of the species in any quadrat. 
Species present in more than half of the quadrats over all prairies and on a given prairie are 
listed in Table 7. Overall, the 10 most common taxa include the sedges (Carex spp.), a short non-
native grass (Poa pratensis), two tall grasses (Andropogon gerardii and Schizachyrium scoparium), 
four medium to tall herbaceous forbs {Aster ericoides, Helianthus rigidus, Phlox pilosa, and Euphorbia 
corollata), and two suffrutescent taxa (Rosa spp. and Amorpha canescens}. On each prairie, only one 
or two tall grasses were present in more than half of the quadrats. 
Simpson's index was between 0.954 and 0.967 for all prairies, and the Shannon-Wiener 
index was between 3.26 and 3.70 (Table 8). Sheeder Prairie had the highest values for both indices 
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Table 7. Most frequent taxa overall and on each prairie. Species present in more than 50% of the 
quadrats on a prairie are listed. The two hillsides on Sheeder Prairie are listed separately. Sheeder 
Prairie 1 (200 total quadrats) includes the two transects on the southwestern hillside, and Sheeder 
Prairie 2 (300 total quadrats) includes the three transects on the eastern hillside. Sundt and Morris 
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(n = 14) 
Table 8. Simspon's index of diversity and the Shannon-Wiener index of diversity for all prairies. 
Sheeder 1 is the southwestern hill of Sheeder Prairie, and Sheeder 2 is the eastern hill of Sheeder 
Prairie. Data were collected in June-July 2000. 
Shannon-Wiener Shannon-Wiener 
Prairie Simpson's index diversity index evenness index 
Sheeder (overall) 0.967 3.71 0.850 
Sheeder1 0.967 3.63 0.871 
Sheeder2 0.964 3.60 0.853 
Bundt 0.961 3.48 0.827 
Morris 0.954 3.26 0.825 
whether the two hillsides were considered separately or together. The Simpson's index values near 1 
mean there is a very high probability that two individuals drawn at random from two quadrats drawn at 
random on the transect will be different species. The Shannon-Wiener diversity index values are large 
(the average maximum value was 4.18), indicating a high degree of uncertainty about what species-
quadrat pair would be drawn at random from all the species-quadrat combinations. Both indices 
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provide evidence of a high species richness on the prairies. Also, all the Shannon-Wiener values are 
between 0.825 and 0.871, indicating a high species evenness. 
The species represented 28 families. The three families with the most species were 
Asteraceae (26 species), Poaceae (15 species), and Fabaceae (10 species); 60% of the species 
were members of one of these three families. Of the 85 taxa identified, five were not native (Ambrosia 
trifida, Bromus inermis, Melilotus spp., Poa pratensis, and Taraxacum officinale). 
The cumulative number of species per area (collector's curves) of the transects are grouped 
by prairies in Fig. 20. The curves from all three prairies generally begin to level off between 5 and 20 
m2, indicating a decline in the rate at which more species are added to the list. 
The mean number of taxa per quad rat overall was 13. 7, with a standard deviation of 2. 7 
(Table 9). The mean number of taxa per quadrat on Bundt and Morris Prairies and the southwestern 
hill of Sheeder Prairie were slightly higher than the overall mean, while the eastern hill of Sheeder 
Prairie had the lowest mean (Table 9). The mean on a given transect was between 11.9 and 16.1. A 
one-way ANOVA showed a significant difference between the mean number of taxa per quadrat on 
the four hills, i.e., evaluating the two hills on Sheeder separately (F = 13.2, p < 0.0001 ). 
The number of taxa per quadrat varied with quadrat position on a given transect (Fig. 21 and 
22). For most of the transects, a linear regression was a statistically significant model for the number 
of species per quadrat on a given transect (Table 10). There was no consistent trend in whether or 
not the model was statistically significant, i.e., only four out of the seven downhill transects had 
statistically significant models. However, on each transect the quadrat-to-quadrat variability as 
evidenced by the scatter in each plot was relatively constant, i.e., the variability around the predicted 
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Figure 20. Collector's curves for transects on a) Sheeder, b) Bundt, and c) Morris Prairies. Data 
collected in June-July 2000. 
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Table 9. Mean, standard deviation, and range of the number of taxa per quadrat on a given transect, 
on a given prairie hillside, and over all prairies. Sheeder 1 is the southwestern hill of Sheeder Prairie, 
and Sheeder 2 is the eastern hill of Sheeder Prairie. Data were collected in June-July 2000. 
Prairie Transect Mean Standard Range: 
or Transect position taxa I quadrat deviation Lower Upper 
Sheeder 1 14.0 3.3 
Transect 1 downhill 16.1 5.0 10 21 
Transect 2 across hill 11.9 8.4 4 18 
Sheeder2 12.9 2.4 
Transect 3 downhill 12.2 7.3 7 19 
Transect 4 downhill 12.1 4.9 7 19 
Transect 5 across hill 14.2 5.8 8 21 
Bundt 14.1 7.5 
Transect 7 downhill 14.5 8.0 10 22 
Transect 8 downhill 14.3 6.6 9 21 
Transect 9 across hill 13.5 7.3 7 20 
Morris 14.0 5.0 
Transect 10 downhill 12.8 5.0 7 18 
Transect 11 downhill 14.4 5.2 8 20 
Transect 12 across hill 14.8 2.7 10 19 
All Prairies 13.7 2.7 4 22 
Similarities and dissimilarities in species compositions 
The number of species in common between prairies is shown in Table 11. Overall, 18 taxa 
(21 %) occurred on only one prairie, 21 taxa (25%) occurred on two of the three prairies, and 44 taxa 
(52%) were present on all three prairies. Jaccard's index of similarity for Sheeder and Bundt Prairies 
is 0.75, for Sheeder and Morris Prairies is 0.57, and for Bundt and Morris Prairies is 0.65. A Jaccard's 
index of 1 would indicate two prairies have identical species lists. 
The Manhattan distance (measures of dissimilarity) between transects based on species 
composition (Table 12) was lower for transects within a prairie (mean = 0.22, standard deviation (s.d.) 
= 0.06 if the two hills of Sheeder Prairie are considered as one prairie, but 0.18, s.d. = 0.03, if the two 
hills are treated as separate prairies) than among prairies (mean = 0.37, s.d. = 0.08). Sheeder and 
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Figure 21. Species richness vs. distance from the start of the transect for transects on Sheeder 
Prairie. a) and b) are data from transects 1 and 2, respectively, on the southwestern hill; transect 1 
runs downhill while transect 2 runs across the bottom of the hill. c), d}, and e) are data from 
transects 3, 4, and 5, respectively, on the eastern hill; transects 3 and 4 run downhill while transect 
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Figure 22. Species richness vs. distance from the start of the transect for transects on Sundt and 
Morris Prairies. a), b), and c) are data from transects 7, 8, and 9, respectively, on Sundt Prairie; 
transects 7 and 8 run downhill while transect 9 runs across the hill. d), e), and f) are data from 
transects 10, 11, and 12, respectively, on Morris Prairie; transects 1 O and 11 run downhill while 
transect 12 runs across the hill. Data were collected in June-July 2000. 
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Table 10. Slope of linear regression of number of species per quadrat vs. distance from the start of 
the transect. Transects for which the model was significant (p < 0.05) are in boldface type. Data were 
collected in June-July 2000. 
Distance 
Transect (x variable) Model 
Transect position coefficient F value Pr> F 
Sheeder1 
1 downhill 1.00 2.31 0.1315 
2 across hill -3.01 55.8 <0.0001 
Sheeder2 
3 downhill 3.22 54.7 <0.0001 
4 downhill 2.39 14.8 0.0002 
5 across hill -1.63 7.80 0.0063 
Sundt 
7 downhill -0.05 0.01 0.9300 
8 downhill 1.82 11.4 0.0011 
9 across hill 3.00 44.2 <0.0001 
Morris 
10 downhill 0.67 1.05 0.3081 
11 downhill 1.43 5.24 0.0243 
12 across hill -0.16 0.03 0.8556 
Table 11. Number of species in common between prairies. Values on the diagonal are the number of 
species on an individual prairie. Overall, the three prairies had 44 species in common. 
Prairie Prairie 
Sheeder Sundt Morris 
Sheeder 78 62 47 
Bundt 67 47 
Morris 52 
Morris Prairies had the highest mean distance between transects (0.45, s.d. = 0.03), 
indicating that the two prairies were the most dissimilar. The mean distance between transects on 
Sheeder and Sundt Prairies was 0.31 (s.d. = 0.03), which was not significantly different from the 
mean distance between transects on Sundt and Morris Prairies (0.32, s.d. = 0.03). The Manhattan 
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Table 12. Matrix of distance coefficients between transects. Coefficients were calculated by 
Manhattan distance based on species composition. Larger values indicate greater dissimilarity 
between transects (0 = complete similarity, but there is no upper bound). Coefficients for pairs of 
transects on the same prairie are highlighted. Data were collected in June-July 2000. 
Sheeder Prairie Sundt Prairie Morris Prairie 
Transect 1 2 3 4 5 7 8 9 10 11 12 
1 0.00 0.18 0.31 0.28 0.31 0.36 0.28 0.34 0.47 0.48 0.43 
2 0.00 0.27 0.25 0.30 0.35 0.30 0.33 0.43 0.47 0.38 
3 0.00 0.13 0.22 0.27 0.31 0.23 0.44 0.45 0.43 
4 0.00 0.17 0.32 0.33 0.30 0.49 0.50 0.50 
5 0.00 0.32 0.28 0.30 0.42 0.43 0.43 
7 0.00 0.18 0.17 0.32 0.33 0.33 
8 0.00 0.23 0.28 0.27 0.32 
9 0.00 0.32 0.35 0.35 
10 0.00 0.14 0.20 
11 0.00 0.17 
12 0.00 
distances are generally consistent with Jaccard's index. 
The mean Manhattan distance between the transects on the two hills of Sheeder Prairie was 
0.29 (s.d. = 0.02). When those two hills are considered separately, the mean distance between the 
transects on the eastern hill of Sheeder Prairie and Sundt Prairie is also 0.29 (s.d. = 0.03), indicating 
that the species composition on the transects on the eastern hill is as dissimilar from that of the 
southwestern hill as it is from that of Sundt Prairie. The mean distance between the transects on the 
southwestern hill of Sheeder Prairie and Sundt Prairie is 0.33 (s.d. = 0.03). Considering Sheeder's 
hills separately has little effect on the distance between the transects on either hill and Morris Prairie 
(eastern hill and Morris: mean = 0.46, s.d. = 0.03; southwestern hill and Morris: mean = 0.44, s.d. = 
0.04). The mean distance between all pairs of transects on different prairies was 0.37 (s.d. = 0.08). 
The Manhattan distance between quadrats on a transect based on species composition 
changed slightly with distance between the quadrats (Fig. 23 and 24). That is, the dissimilarity 
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Figure 23. Dissimilarity between quadrats as a function of the physical distance between them. 
Manhattan distance between pairs of quadrats was calculated as a measure of dissimilarity. a) and 
b) are data from transects 1 and 2, respectively, on the southwestern hill of Sheeder Prairie. c), d), 
and e) are data from transects 3, 4, and 5, respectively, on the eastern hill of Sheeder Prairie. 
Many data points on each graph are overlaid due to the large number of quadrat pairs on each 
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Figure 24. Dissimilarity between quadrats as a function of the physical distance between them. 
Manhattan distance between pairs of quad rats was calculated as a measure of dissimilarity. a), b ), 
and c) are data from transects 7, 8, and 9, respectively, on Bundt Prairie. d), e), and f) are data 
from transects 9, 10, and 11, respectively, on Morris Prairie. Many data points on each graph are 
overlaid due to the large number of quadrat pairs on each transect. Data were collected in June-
July 2000. 
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Table 13. Slope of modified linear regression tests on Manhattan distance (dissimilarity) between 
quadrats vs. the physical distance between them. Both the results from the tests using all 85 taxa and 
the tests using only the 36 taxa present in at least 10% of the quadrats are shown. Each slope is 
based on 4950 comparisons of quadrat pairs. Sheeder 1 is the southwestern hill of Sheeder Prairie, 
and Sheeder 2 is the eastern hill of Sheeder Prairie. Data were collected in June-July 2000. 
Slope from Slope from 
regression regression 
Transect on 86 taxa on 36 taxa 
Sheeder1 
1 0.00074 0.00131 
2 0.00083 0.00128 
Sheeder2 
3 0.00112 0.00201 
4 0.00063 0.00099 
5 0.00062 0.00072 
Sundt 
7 0.00031 0.00086 
8 0.00028 0.00063 
9 0.00093 0.00196 
Morris 
10 0.00056 0.00136 
11 0.00063 0.00119 
12 0.00048 0.00100 
Overall mean 0.00065 0.00121 
slopes from the SAS regression is 0.000649 {Table 13). On average, there was a predicted change of 
0.03 units over 50 m, indicating only a slight increase in dissimilarity as quadrats were physically 
farther apart. 
To test the effects of rare species on this weak "distance decay'', the regressions were 
performed a second time, using only the taxa found in at least 10% of the quad rats overall. A 
comparison of the regressions on transect 1 is shown in Fig. 25, and regression slopes from all 
transects are given in Table 13. Overall, the range of dissimilarity among quadrats increased, and the 
mean slope from the regression was 0.00121. The slopes without the rare species were 1.2 to 2.7 
times as large as the slopes calculated with the full set of species (on average, 1.9 times as large). 
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Figure 25. Dissimilarity between quadrats as a function of the physical distance between them for 
transect 1 (on Sheeder Prairie). Manhattan distance between pairs of quadrats based on shared 
species presence was calculated as a measure of dissimilarity. a) all 85 species were used in the 
calculation of distance between quad rats; b) only the 36 species present in at least 10% of the 
quadrats overall were used in the calculation of distance between quadrats. Many data points on 
each graph are overlaid due to the large number of quadrats pairs on the transect. Data were 
collected in June-July 2000. 
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(approximately 0.03 to 0.40), with an average predicted change of 0.06 units over 50 m. This again 
indicates a slight increase in dissimilarity as quadrats were physically farther apart. 
Individual species distribution patterns 
I used two- and four-dimensional NMDS to compute the distance between species based on 
dissimilarity values. The four-dimensional method had a lower badness-of-fit criterion than the two-
dimensional method (Table 14). Dimension 2 scores vs. dimension 1 scores for each species are 
shown in Fig. 26. Dimension 1 separated the species on the basis of frequency, as dimension 1 did 
for the 1999 results. Again, the taxa present in the most quadrats had the highest scores and are on 
the right side of the graph, while the taxa present in the fewest quadrats had the lowest scores and 
are clustered on the left side of the graph. Fig. 26a clearly shows there were many rare taxa 
compared to common ones. Dimension 2 primarily separated the species by their distribution on the 
three prairies. Taxa that were present in a higher number of quadrats on Morris Prairie tended to 
have low dimension 2 scores and are near the bottom of the graph, while taxa that were present in a 
higher number of the quadrats on Sheeder and Sundt Prairie tended to have high dimension 2 scores 
and are near the middle to top of the graph (Fig. 26b). For example, Dichanthelium leibergii (DILE) 
and Echinacea pa/Iida (ECHP) have similar scores along the dimension 1 axis, indicating they were 
present in approximately the same number of quadrats overall. However, D. leibergii has a high 
dimension 2 score while E. pa/Iida has a low dimension 2 score. This indicates that D. leibergii was 
present in more quadrats on Sheeder or Sundt Prairies (the species was present in 277 quadrats on 
Table 14. Summary of two- and four-dimensional nonmetric multidimensional scaling (NMDS) 
analyses based on Manhattan distance version of simple matching coefficients (a measure of 
dissimilarity between species). Badness-of-fit criterion for a perfect fit of the data to the dimensions 
would be 0. 
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Figure 26. Dimensions 1 and 2 from nonmetric multidimensional scaling (NMDS) analysis of species. 
a) point labels are abbreviated species names (see Appendix 1 ); b) points are labeled with symbol for 
the prairie(s) on which the species was present in the highest number of quadrats (S = Sheeder, B = 
Bundt, and M = Morris). 
64 
Sheeder Prairie, 62 on Sundt Prairie, and O on Morris Prairie), while E. pa/Iida was present in more 
quad rats on Morris Prairie (it was present in 187 quad rats on Morris Prairie but only 7 4 and 72 on 
Sheeder and Sundt Prairies, respectively). 
The four-dimensional NMDS had a slightly lower badness-of-fit criterion (0.05) than the two-
dimensional NMDS (0.08). Badness-of-fit values less than 0.10 are generally accepted as evidence of 
a good fit (Clarke 1993), and it has been shown that for noisy data, most ecologically-relevant 
structure is accounted for in the first few. dimensions (Gauch 1982). Similar to dimension 2, dimension 
3 seemed to separate the species on the basis of the prairie on which they were present in the 
highest percent of quadrats (Fig. 27). I labeled each species according to the prairie on which it was 
present in the highest percent of quadrats. In general, species present in a higher percent of quadrats 
on Sundt Prairie had low dimension 3 scores and were located to the left of the center of the graph, 
while species present in a higher percent of quadrats on Sheeder or Morris Prairies had higher 
dimension 3 scores and were located near the center or to the right of the center of the graph. 
However, this interpretation is not as clear as that for dimension 2. Dimension 4 was difficult to 
interpret; no clear pattern in the species distribution on that axis was found. 
A modified one-dimensional Ripley's K statistic was used to estimate the distances (up to 
17.5 m) at which a species was present more frequently than predicted by chance alone, i.e., the 
distances at which clusters of the species were evident (Table 15). The distances at which each 
species was present more frequently than predicted vari~d by species and by prairie. For example, 
Echinacea pa/Iida was present more frequently than predicted at distances of 17.5 m (the entire 
tested distance) on Sheeder Prairie and 8.0 m on Sundt Prairie, but was never present more 
frequently than predicted at any distance on Morris Prairie. That is, E. pa/Iida was present more 
frequently than predicted at a large scale on Sheeder, at a medium scale on Sundt, and not on any 
scale at Morris. However, it is important to note that the distances don't fully reveal the size of 
clusters; that is, E. pa/Iida could have many small (e.g., 1 m or smaller) clusters within the 17.5 or 8.0 
m scales that cause it to be present more frequently than expected at the larger scales. Clusters of 
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Figure 27. Dimensions 3 and 4 from nonmetric multidimensional scaling (NMDS) analysis of species: 
a) abbreviated species names as point labels (see Appendix 1 ), b) points labeled with symbol for 
prairie(s) on which the species was present in the highest percent of quadrats (S = Sheeder, B = 
Sundt, M = Morris). 
There were also no clear patterns of clusters based on types of species (grasses, 
herbaceous forbs, etc.). However, the relative frequency of the number of species present more 
frequently than predicted at a given distance did vary among prairies. Overall, there appears to be a 
bimodal distribution of species based on this measure of clusters (Fig. 28a), with a peak representing 
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Table 15. Greatest distance at which a modified one-dimensional Ripley's K statistic was larger than 
predicted by chance for a species. The statistic was only calculated for species present in at least 5% 
of the quadrats on a prairie and was only compared with a K value predicted from random 
distributions for distances up to 17 .5 m. Dashes (--) indicate the Ripley's K statistic was not larger 
than expected by chance at any of the distances tested. 
Sheeder Sundt Morris 
Greatest distance Greatest distance Greatest distance 
at which at which at which 
Species K > predicted (m) K > predicted (m) K > predicted (m) 
Achillea millefolium 17.5 
Ambrosia psilostachya 17.5 
Amorpha canescens 4.5 17.5 17.5 
Andropogon gerardii 3.0 1.5 2.5 
Antennaria neglecta 17.5 
Aster ericoides 17.5 
Aster oolentangiensis 17.5 1.5 
Bouteloua curtipendula 17.5 
Bromus inermis 17.5 4.0 
Calystegia sepium 17.5 17.5 
Carex spp. 1.0 
Ceanothus herbaceus 17.5 
Chamaecrista fasciculata 17.5 6.0 
Comandra umbellata 17.5 9.5 
Coreopsis palmata 17.5 
Dichanthelium leibergii 4.0 14.5 
Dichanthelium oligosanthes, 
var. scribnerianum 17.5 0.5 
Dichanthelium oligosanthes, 
var. wilcoxianum 7.5 1.5 
Echinacea pa/Iida 17.5 8.0 
Elymus canadensis 11.0 
Eryngium yuccifolium 17.5 7.0 
Euphorbia corollata 5.0 0.5 1.0 
Fragaria virginiana 17.5 
Helianthus rigidus 6.5 0.5 17.5 
Lactuca canadensis 
Lobelia spicata 2.5 
Liatris aspera 17.5 17.5 
Liatris pycnostachya 17.5 11.0 
Lespedeza capitata 8.0 1.0 
Lithospermum canescens 
Lysimachia ciliata 17.5 
Melilotus spp. 17.5 1.5 a 
Monarda fistulosa 17.5 2.0 
Muhlenbergia racemosa 17.5 
Pedicularis canadensis 17.5 
a Meli/otus spp. on Morris Prairie and Silphium laciniatum on Sundt Prairie had K statistics lower than 
expected by chance at distances of 0.5 m, but K statistics greater than expected by chance at all 
other distances through the greatest distance listed for that species. 




Species K > predicted (m) 
Phlox pilosa 0.5 
Physalis virginiana 6.5 
Poa pratensis 0.5 
Ratibida pinnata 3.0 
Rosa spp. 17.5 
Rudbeckia hirta 
Scute/laria paNula 
Schizachyrium scoparium 5.5 
Silphium integrifolium 17.5 
Silphium laciniatum 17.5 
Solidago canadensis 17.5 
Solidago missouriensis 17.5 
Solidago rigidus 17.5 
Sorghastrum nutans 15.0 
Sphenopholis obstusata 17.5 
Sporobolus heterolepis 17.5 
Sisyrinchium campestre 17.5 
Stipa spartea 12.0 
Tradescantia bracteata 17.5 
Viola pedatifida 
Viola pedatifida x sororia 
Viola sororia 





































b Solidago missouriensis on Bundt Prairie had K statistics lower than expected by chance at distances 
of 15.0 and 15.5 m, but K statistics greater than expected by chance at all other distances between 
0.5 and 17.5 m. 
c Stipa spartea on Bundt Prairie had a K statistic lower than expected by chance at a distance of 1.5 
m, but K statistics greater than expected by chance at all other distances between 0.5 and 4 m. 
many species for which clusters are evident through large distances and a second, smaller peak of 
species for which clusters are evident only at very small distances. However, histograms of individual 
prairies (Fig. 28b, c, and d) show that the prairies have different patterns. In particular, 30 of the 46 
species (65%) tested on Sheeder Prairie were present more frequently than expected through large 
distances while very few were present more frequently than expected only at small distances. On 
Bundt Prairie, however, only 6 out of the 37 species (16%) tested were present more frequently than 
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expected through large distances but 11 out of the 37 species (29. 7%) tested were present more 
frequently than expected only at very small distances (0.5 to 2.5 m). The pattern on Morris Prairie fell 
in between: 9 out of 21 (42.9%) of the species tested were present more frequently than expected 
through large distances and 7 out of 21 (33.3%) were present more frequently than expected only at 
small distances. 
Species distribution patterns in relation to soil characteristics 
Linear regressions were used to test the relationship between the frequency of each species 
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Figure 28. Histograms of species patchiness based on Ripley's K statistic. a) over all three prairies; b) 
on Sheeder Prairie; c) on Bundt Prairie; and d) on Morris Prairie. Species were placed in bins based 
on the largest distance at which their K value was greater than expected by chance. For example, a 
species with K values greater than expected from distances of O through 15 m was counted in the 15-
m bin. The first bin (0 m) contains species that did not exhibit patchiness at any of the distances 
measured. 
Table 16. Linear regressions of species frequency vs. soil characteristics (pH, average P, and average% organic matter). The frequency of 
each species was measured by counting the number of quadrats in which the species was present within 2.5 m of each soil sampling point (for 
sampling points at the end of the transect, species presence in five quadrats was summed, and for all other sampling points, species presence 
in 1 O quadrats was summed). A regression was performed on each species only for the prairies where it was present (S = Sheeder, S = 
Sundt, and M = Morris). From Sheeder Prairie, 55 soil samples were analyzed; 33 soil samples each were analyzed from Sundt and Morris 
Prairies. Species for which the model was significant (p < 0.05) are in boldface type. 
Model p pH %OM 
Prairies 
Species present F value Pr> F Adj. R2 coefficient p value coefficient p value coefficient p value 
Achillea millefolium SBM 3.87 0.0111 0.067 -3.42 0.0833 -4.53 0.0573 8.24 0.0826 
Ambrosia psilostachya SB 0.35 0.7891 -0.023 -2.84 0.4894 -3.50 0.4803 6.81 0.4903 
Ambrosia trifida SB 1.48 0.2267 0.016 2.04 0.0639 2.40 0.0710 -4.91 0.0637 
Amorpha canescens8 SBM 7.40 0.0001 0.138 -25.1 0.0001 -28.9 0.0003 60.3 0.0001 
Andropogon gerardlf SBM 12.5 <0.0001 0.223 -20.2 0.0002 -23.5 0.0003 48.4 0.0002 
Anenome cyllndrlca SBM 3.81 0.0120 0.066 -5.97 0.3405 -9.06 0.2304 14.3 0.3406 
Antennaria neg/ecta BM 1.38 0.2583 0.017 -5.42 0.4714 -2.01 0.8238 13.0 0.4711 
Artemesia ludoviclana s 3.72 0.0171 0.131 2.75 0.6192 3.55 0.5966 -6.71 0.6143 
Asclepias tuberosa SM 4.07 0.0095 0.096 1.18 0.1707 1.38 0.1869 -2.83 0.1728 
Aster ericoldes8 SBM 8.97 <0.0001 0.166 -13.8 0.0177 -18.5 0.0087 33.1 0.0180 O') c.o 
Aster oolentanglensis8 SB 4.58 0.0051 0.110 -18.3 0.0026 -21.8 0.0029 43.9 0.0026 
Aster sericeus s 0.13 0.9388 -0.051 -0.20 0.5923 -0.25 0.5869 0.48 0.5919 
Baptisia bracteata SB 0.30 0.8227 -0.025 -0.17 0.7395 -0.19 0.7555 0.40 0.7409 
Bouteloua curtlpendula SBM 8.89 <0.0001 0.165 -0.62 0.7924 0.40 0.8893 1.49 0.7927 
Bromus inermis SB 1.39 0.2504 0.013 -16.3 0.0535 -19.2 0.0589 39.1 0.0536 
Ca/ystegia sepium SBM 1.13 0.3406 0.003 0.76 0.7342 0.90 0.7393 -1.84 0.7313 
Carexspp. a SBM 28.9 <0.0001 0.411 -30.2 <0.0001 -36.5 <0.0001 72.6 <0.0001 
Ceanothus herbaceus SB 2.04 0.1149 0.035 -0.08 0.9787 0.49 0.8884 0.17 0.9800 
Chamaecrista fasciculata SBM 2.63 0.0537 0.039 0.43 0.8679 1.08 0.7290 -1.02 0.8702 
Cirsium discolor s 1.50 0.2245 0.027 -0.56 0.4704 -0.80 0.3927 1.35 0.4708 
Comandra umbellata SB 3.43 0.0208 0.077 -18.3 0.0169 -22.2 0.0163 44.1 0.0167 
Coreopsis palmata SB 1.71 0.1713 0.024 -6.42 0.2937 -6.72 0.3621 15.4 0.2934 
Camus drummondii M 0.28 0.8737 -0.072 -2.36 0.5903 -3.85 0.4512 5.69 0.5895 
Dalea candlda SB 3.70 0.0149 0.085 -0.51 0.5120 -0.40 0.6695 1.22 0.5121 
Dalea purpurea s 6.19 0.0011 0.224 1.16 0.7581 2.68 0.5556 -2.81 0.7551 
Desimodium illinoense SBM 0.66 0.5767 -0.009 0.14 0.8392 0.09 0.9178 -0.33 0.8384 
Dichanthelium leiberglf SB 31.5 <0.0001 0.513 -16.8 0.0005 -16.8 0.0033 40.3 0.0004 
a Species for which both the model and at least one soil characteristic coefficient had p-values < 0.05. 
Table 17. Continued. 
Model p eH %OM 
Prairies 
Species present F value Pr> F Adj. R2 coefficient p value coefficient p value coefficient p value 
Dichanthelium oligosanthes, 
var. scribnerianum SBM 4.23 0.0071 0.075 -6.30 0.1879 -9.05 0.1171 15.1 0.1878 
Dichanthelium oligosanthes, 
var. wilcoxlanum8 SBM 11.6 <0.0001 0.210 -5.56 0.0894 -8.39 0.0341 13.4 0.0889 
Echinacea pa/Iida SBM 1.46 0.2285 0.011 -9.63 0.0593 -12.0 0.051q 23.1 0.0593 
E/ymus canadensis SBM 1.55 0.2043 0.014 -2.63 0.1714 -2.86 0.2166 6.31 0.1715 
Erigeron strigosus SBM 3.16 0.0272 0.051 -0.83 0.8809 0.06 0.9339 0.20 0.8826 
Eryngium yuccifolium SBM 6.27 0.0006 0.117 -7.48 0.1090 -10.6 0.0596 18.0 0.1081 
Euphorbia corollata8 SBM 7.02 0.0002 0.131 -16.8 0.0005 -21.3 0.0002 40.3 0.0005 
Fragaria virginiana SBM 2.86 0.0402 0.044 1.54 0.4923 1.88 0.4889 -3.74 0.4885 
Helianthus rigidus8 SBM 3.95 0.0101 0.069 -21.6 0.0013 -25.8 0.0014 52.0 0.0013 
Heliopsis helianthoides SB 3.40 0.0216 0.076 1.06 0.7455 2.15 0.5869 -2.57 0.7445 
Heuchera richardsonii B 0.55 0.6573 -0.099 -2.23 0.4984 -2.74 0.4686 5.38 0.4972 
Koe/eria cristata SBM 2.77 0.0446 0.042 0.12 0.7120 0.21 0.5936 -0.29 0.7087 
Lactuca canadensis SBM 1.96 0.1244 0.023 -0.62 0.6176 -0.85 0.5688 1.47 0.6208 ....... 
Lespedeza capitata8 SBM 9.27 <0.0001 0.171 -10.9 0.0586 -15.8 0.0240 26.3 0.0583 0 
Liatris aspera SBM 0.82 0.4841 -0.005 -7.78 0.1269 -9.44 0.1248 18.7 0.1267 
Liatris pycnostachya SBM 3.04 0.0319 0.049 -0.84 0.7447 -1.63 0.6013 2.05 0.7418 
Liatris squarrosa 5 7.57 0.0003 0.268 0.08 0.9516 0.62 0.7010 -0.21 0.9488 
Unum sulcatum SM 1.88 0.1389 0.030 -1.12 0.2972 -1.14 0.3776 2.68 0.2975 
Lithospermum canescens SBM 0.19 0.8998 -0.021 -1.95 0.4867 -2.38 0.4819 4.69 0.4863 
Lobelia spicata SBM 0.88 0.4549 -0.003 0.96 0.5660 1.15 0.5712 -2.30 0.5682 
Lysimachia ciliata SBM 2.30 0.0809 0.032 0.71 0.7906 1.02 0.7520 -1.74 0.7864 
Melilotus spp. SBM 38.4 <0.0001 0.483 -3.41 0.1815 -1.55 0.6119 8.17 0.1823 
Monarda fistu/osa SBM 1.31 0.2754 0.008 -3.52 0.3727 -3.60 0.4496 8.45 0.3733 
Muhlenbergia racemosa ss· 2.96 0.0367 0.063 -2.22 0.4499 -2.29 0.5178 5.36 0.4469 
Oxalis stricta SBM 1.72 0.1662 0.018 0.22 0.7242 0.15 0.8485 -0.54 0.7231 
Pedicu/aris canadensis 5 11.4 <0.0001 0.367 -1.59 0.7628 0.65 0.9187 3.78 0.7655 
Pediomelum esculentum s 0.05 0.9864 -0.124 -0.11 0.8999 -0.12 0.9131 0.26 0.9003 
Penstemon grandiflorus s 2.91 0.0435 0.096 1.61 0.0412 1.92 0.0434 -3.85 0.0416 
Phlox pilosa8 SBM 2.72 0.0478 0.041 -15.7 0.0151 -18.6 0.0165 37.7 0.0149 
Physallis heterophylla SB 1.89 0.1382 0.030 -0.18 0.8309 -0.33 0.7494 0.43 0.8337 
Physallis virginiana SBM 1.95 0.1252 0.023 -8.54 0.0538 -9.68 0.0696 20.5 0.0539 
Platanathera praeclara s 1.52 0.2212 0.028 -0.42 0.2470 -0.54 0.2144 1.01 0.2459 
Poa pratensls8 SBM 13.7 <0.0001 0.241 -24.8 <0.0001 -29.1 <0.0001 59.5 <0.0001 
Table 17. Continued. 
Model p eH %OM 
Prairies 
Species present F value Pr> F Adj. R2 coefficient p value coefficient p value coefficient p value 
Potentilla arguta SB 1.09 0.3595 0.003 -1.65 0.2320 -2.03 0.2241 3.96 0.2331 
Pycnanthemum virginianum BM 0.53 0.6633 -0.022 -1.60 0.3138 -2.16 0.2593 3.86 0.3133 
Ratibida pinnata SBM 2.57 0.0576 0.038 -8.72 0.0266 -10.0 0.0350 21.0 0.0265 
Rosa spp. a SBM 28.2 <0.0001 0.405 -16.6 0.0023 -24.2 0.0002 39.8 0.0022 
Rudbeckia hirta BM 1.52 0.2189 0.023 -15.5 0.0888 -14.8 0.1759 37.3 0.0886 
Schizachyrium scoparlum8 SBM 11.3 <0.0001 0.205 -21.6 <0.0001 -26.1 <0.0001 52.0 <0.0001 
Scutellaria parvula M 4.12 0.0150 0.227 -0.06 0.9872 3.22 0.5000 0.20 0.9835 
Silphium integrifolium8 s 5.82 0.0017 0.211 -10.6 0.0529 -14.1 0.0349 25.6 0.0522 
Silphium laciniatum SBM 1.49 0.2219 O.Q12 -0.78 0.6603 -0.59 0.7812 1.87 0.6603 
Sisyrinchium campestre SBM 1.78 0.1542 0.019 -10.9 0.1131 -14.2 0.0877 26.2 0.1129 
Solidago canadensis SBM 2.49 0.0639 0.036 -3.26 0.3791 -3.32 0.4572 7.80 0.3815 
Solidago missouriensis SB 3.88 0.0119 0.090 -3.62 0.4305 -5.59 0.3142 8.69 0.4315 
So/idago rigidus SBM 1.43 0.2430 0.022 -10.07 0.2177 -13.11 0.1844 24.25 0.2168 
Sorghastrum nutans SBM 2.63 0.0535 0.039 -7.95 0.1634 -10.6 0.1244 19.1 0.1623 
Sphenopholis obtusata8 SBM 4.35 0.0060 0.077 -10.1 0.0331 -11.1 0.0527 24.4 0.0329 ....., 
Sporobo/us hetero/epls8 
~ 
SB 8.78 <0.0001 0.211 -11.1 0.0496 -15.6 0.0236 26.8 0.0492 
Stipa spartea8 SB 7.64 0.0001 0.186 -10.5 0.0234 -11.1 0.0474 25.3 0.0233 
Strophostyles he/vu/a SM 1.99 0.1218 0.033 0.92 0.7018 1.09 0.7044 -2.23 0.6981 
Taraxacum officinale s 1.93 0.1365 0.049 0.18 0.7151 0.30 0.6155 -0.44 0.7127 
Tradescantia bracteata s 2.59 0.0628 0.081 0.41 0.8873 0.83 0.8106 -0.95 0.8911 
Verbena stricta B 1.54 0.2252 0.048 -0.09 0.8768 0.22 0.7596 0.22 0.8778 
Viola pedatifida SB 7.00 0.0003 0.172 -3.37 0.2653 -5.19 0.1564 8.10 0.2652 
Viola pedatifida x sororia SBM 1.23 0.3018 0.006 -3.74 0.2145 -4.76 0.1903 9.01 0.2136 
Viola sororia SBM 1.70 0.1718 0.017 -1.71 0.2576 -2.28 0.2121 4.12 0.2565 
Zizia aurea s 1.67 0.1856 0.036 -10.7 0.0555 -12.7 0.0600 25.8 0.0553 
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the prairies on which that species was present. Overall, the linear regression model was statistically 
significant (p < 0.05) for 39 taxa (46% of the total taxa). However, only for 18 of those 39 taxa was 
frequency significantly explained by at least one of the three soil characteristics (p < 0.05). That is, for 
only 18 out of 39 taxa was at least one of the three soil characteristic coefficients significantly different 
from 0, given that the other soil characteristics are included in the model. Of the 18 taxa for which at 
least one soil characteristic coefficient was not significantly different from 0, only four taxa did not 
have models in which all three soil characteristic coefficients were significantly different from 0. 
The frequency of 11 of the 15 grasses observed in the 2000 study was significantly related to 
the model; for all but three of those grasses, at least one of the three soil characteristic coefficients 
was significantly different from 0. The frequency of Carex spp. was also significantly related to all 
three soil characteristics. The linear regression model was statistically significant for of two of the five 
non-native taxa (Melilotus spp. and Poa pratensis), although only for P. pratensis was at least one of 
the three soil characteristic coefficients significantly different from 0. 
The other taxa for which at least one soil characteristic coefficient was significantly different 
from O represented five families (Asteraceae, Fabaceae, Euphorbiaceae, Polemonaceae, and 
Rosaceae ). They also were generally common species (in 30 - 65% of the quad rats overall), except 
for Silphium integrifolium, which was present in 8% of the quadrats overall. Further, for all but one 
( Comandra umbellata) of the 12 most frequent taxa, the linear regression of frequency versus soil 
characteristics had at least one soil characteristic coefficient that was significantly different from 0. 
When the two site score dimensions for each species were plotted, two groups appeared, 
clearly separated along the dimension 2 axis (Fig. 29). All sites from Morris Prairie had low dimension 
2 scores and were clustered below the center of the graph, while all sites from Bundt and Sheeder 
Prairies had high dimension 2 scores and were clustered above the center of the graph. None of the 
four soil vectors overlaid on the data had a strong enough dimension 2 component to account for the 
clear separation of the groups (Fig. 29). 
Because of the strong clustering effect, I removed all Morris Prairie data and reran the NMDS 
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Figure 29. Site score dimensions 1 and 2 from nonmetric multidimensional scaling (NMDS) analysis 
of species on all three prairies, weighted by species abundance and pooled by soil sampling sites. 
Labels indicate the prairie on which each site is located (S1 = southwestern hill of Sheeder, S2 = 
eastern hill of Sheeder, S = Sundt, and M = Morris). Soil characteristic vectors are overlaid on the plot 
(% OM = percent organic matter). 
regression for each of the four soil variables, and created new vectors. When the two site score 
dimensions from the revised analysis were plotted, there were two groups that were less distinct than 
southwestern and eastern hills of Sheeder Prairie (labeled as Sheeder 1 and 2, respectively) had 
before, but again separated on the dimension 2 axis (Fig. 30). Sites from Sundt Prairie had dimension 
2 scores less than O and were grouped below the center of the graph, while most sites from both the 
dimension 2 scores greater than O and were primarily located above the center of the graph. 
The four soil vectors overlaid on the data had strong vertical components and appeared to 
account for separation of the groups. In particular, K and pH had very strong vertical components 
(along dimension 2), in opposite directions. Sites with high K content and low pH were located above 
the center of the graph (most Sheeder Prairie sites), and sites with high pH and low K content were 
located below the center of the graph (primarily Sundt sites). Further, K had an R2 value of 0.004 
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Figure 30. Site score dimensions 1 and 2 from nonmetric multidimensional scaling (NMDS) analysis 
of species at Sheeder and Sundt Prairies, weighted by species abundance and pooled by soil 
sampling sites. Labels indicate the prairie on which each site is located (S1 = southwestern hill of 
Sheeder, S2 = eastern hill of Sheeder, and B = Sundt). Soil characteristic vectors are overlaid on the 
plot (% OM = percent organic matter). 
more of the variability in the data and has a much stronger role in the separation of the sites based on 
differences in species abundance. 
Species co-occurrences 
The number of times species pairs co-occurred was compared to the number of species co-
occurrences for each pair expected by chance alone based on the results of the 10,000 null models 
that I generated. Because of the large number of species pairs to test per prairie (3655 for Sheeder 
Prairie, 2211 for Morris Prairie, and 1326 for Sundt Prairie), there was a high probability of falsely 
identifying co-occurring pairs. At an a of 0.05, one would expect 183 pairs to be falsely identified as 
significant on Sheeder Prairie, 111 on Sundt Prairie, and 66 on Morris Prairie. I observed 227 pairs of 
species that co-occurred more or less frequently than expected on Sheeder Prairie, 46 pairs on Sundt 
Prairie, and 37 pairs on Morris Prairie, so all or most of the pairs could be falsely identified as 
significant. To account for this high probability of misidentification of significance, I used a highly 
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conservative p-value that was calculated as a /n, where n is the number of comparisons. The p-value 
for Sheeder Prairie was 0.000014, for Sundt Prairie was 0.000023, and for Morris Prairie was 
0.000038. 
With the modified significance criterion, there were 27 pairs of taxa that co-occurred more 
often than expected by chance alone on Sheeder Prairie, five pairs on Sundt Prairie, and six pairs on 
Morris Prairie {Table 17). There were also six pairs that co-occurred less often than expected by 
chance alone on Sheeder Prairie, but no such pairs on Sundt or Morris Prairies. The only pair that co-
occurred significantly more often than expected on more than one prairie was Calystegia sepium and 
Comandra umbel/ata. 
The total of 33 nonrandom pairs of taxa on Sheeder Prairie was composed of 33 taxa, the. 
five pairs on Sundt Prairie by six species, and the six pairs on Morris Prairie by seven species {Table 
18). No single species dominated the lists of pairs; rather, many species were involved in the co-
occurrences. Further, no single growth form (grasses, suffretescent species, herbaceous forbs, etc.) 
dominated the lists, nor did any family. Three of five non-native taxa (Bromus inermis, Meli/otus spp., 
and Poa pratensis) and two native but weedy species ( Calystegia sepium and Erigeron strigosus) 
were on the list. E. strigosus had the clearest trend of any species; it was one of the two species in all 
but one pair that co-occurred less often than expected by chance. 
Table 17. Pairs of species that co-occurred more or less often than expected by chance, for each prairie. Highly conservative p-values were 
used to avoid false positive co-occurrences. The p-value for Sheeder Prairie was 0.000014, for Bundt Prairie was 0.000026, and for Morris 
























a Dichanthelium lei berg ii 
Echinacea pa/Iida 







































































Table 18. Species that were included in statistically-significant species co-occurrence pairs and the 
number of those pairs in which they occurred more or less frequently than expected by chance on 
each prairie. No pair of species co-occurred less frequently than was expected by chance on Bundt or 
Morris Prairie. Highly conservative p-values were used to avoid false positive co-occurrences. The p-
value for Sheeder Prairie was 0.000014, for Bundt Prairie was 0.000026, and for Morris Prairie was 
0.00038. 
Sheeder Bundt Morris 
No. of more No. of less No. of more No. of more 
frequent than frequent than frequent than frequent than 
expected expected expected expected 
Species co-occurrences co-occurrences co-occurrences co-occurrences 
Ambrosia psi/ostachya 4 
Amorpha canescens 3 1 1 
Andropogon gerardii 1 2 2 
Aster ericoides 2 
Aster oolentangiensis 2 
Bromus inermis 5 
Calystegia sepium 3 2 
Carex spp. 2 
Chamaecrista fasciculata 1 
Comandra umbellata 4 2 
Dalea purpurea 1 
Dichanthelium leibergii 1 1 
Dichanthelium oligosanthes, 
var. scribnerianum 1 
Echinacea pa/Iida 1 
Erigeron strigosus 5 
Eryngium yuccifolium 4 
Euphorbia corollata 1 
Fragaria virginiana 1 
Liatris aspera 1 
Lobelia spicata 1 
Unum sulcatum 1 
Lysimachia ciliata 3 
Melilotus spp. 2 
Monarda fistulosa 1 
Muhlenbergia racemosa 3 
Pedicularis canadensis 1 1 
Phlox pilosa 2 
Poa pratensis 1 1 1 1 
Rosa spp. 2 
Schizachyrium scoparium 1 2 
Silphium integrifolium 1 
Solidago canadensis 1 
Solidago missouriensis 1 
Solidago rigidus 2 
Sphenopho/is obtusata 1 
Sporobolus heterolepis 2 1 
Stipa spartea 2 
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DISCUSSION 
1999 Pilot Project 
Determining sampling unit scale 
One of the main purposes of my 1999 pilot project was to find an appropriate sampling scale 
for observing spatial patterns in the prairie vegetative communities. As a practical consideration, I 
wanted a balance between sampling intensity and expediency: I wanted to use a quadrat size that 
was small enough to be evaluated within a few minutes, but not so small that the total number of 
continuous quadrats to evaluate in a given distance would be cumbersomely large and greatly 
increase the time needed to sample all quadrats on a transect. 
Also, it is difficult to determine a priori the scale at which a particular pattern will not be 
random, and scale (or area) itself is a variable (see Palmer and White 1994) such that some patterns 
or clusters are detected on one scale but not another (Dale 1999, Upton and Fingleton 1985). 
Because appropriate quadrat size for detecting patterns in my study populations was uncertain, I 
wanted to examine a preliminary data set for evidence of patterns before completing more extensive 
field work. 
Clearly, using the small subquadrats (0.0625-m2) provided the most information about where 
species were present. However, the subquadrats also resulted in very patchy species distributions; 
whenever a species was not present in one of these small subquadrats, a gap appeared in the 
distribution. This appeared to overestimate the number of patches for a given species. 
The 0.25-m2 quadrats showed more continuous distributions than the subquadrats and also 
showed slightly more clusters than when combined to form 0.5-m2 quadrats. At the 0.5-m2 scale, 
small patches visible at the 0.25-m2 scale were subsumed in larger patches. It seemed the small-
scale ranges of the species would be overestimated if the 0.5-m2 quadrats were used. Because some 
of the prairie species are small and do not spread by rhizomes (e.g., Liatris aspera and Sisyrinchium 
campestre ), I wanted to choose a quadrat size that would allow me to work at a fine enough scale 
that I could distinguish differences in their distributions. 
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In addition, NMDS analysis of the 0.25-m2 quadrat data clearly separated the species along 
two dimensions (frequency and relative distribution on the transect). This showed that the 0.25-m2 
scale was able to determine differences among species based on their distributions. 
Also, to determine differences in species distributions, I needed to use a quadrat size that 
was large enough to contain large individuals, especially of suffrutescent species such as Amorpha 
canescens and Rosa spp. If such plants were larger than the quadrats, then individuals would be 
counted in more than one quadrat and their frequency would be overestimated, particularly in 
comparison to small herbaceous species. This is especially true when only species presence or 
absence is recorded. Mature A. canescens and Rosa spp. individuals fit inside 0.25-m2 quadrats but 
mature A. canescens individuals did not fit entirely inside 0.0625-m2 subquadrats. 
Overall, I decided the 0.25-m2 quadrats along a 50-m transect provided adequate detail for 
the study of spatial patterns and required minimal time to survey, and so I chose to use that size as 
the sampling unit for my main project in 2000. 
General vegetative community observations 
I observed several patterns in plant community composition in 1999 that I would also observe 
the next year. Species richness and evenness were high. There were many rare species (present in 
20% or less of the quadrats) and few very common species (present in 80% or more of the quad rats). 
The 10 taxa present in the most quadrats were a mix of 'typical' prairie grasses and forbs (e.g., 
Sorghastrum nutans and Helianthus rigidus) as well as one small-stature grass (Dichanthelium 
leibergil) and other less well-known prairie species (e.g., Euphorbia corollata). Carex spp. were 
present in the most quadrats overall. 
The mean species richness per quadrat was slightly higher on the pilot transect than on a 
transect running approximately parallel to it in 2000 (18.6 with a standard deviation of 2.6 on the pilot 
transect versus 16.1 with a standard deviation of 5.0 on transect 1 in the 2000 project). Also, the 
mean species richness per quadrat on the pilot transect was the highest mean of all transects in both 
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years. Because I surveyed only one transect in 1999 and did not survey that same transect in 2000, 
the actual year-to-year variation on Sheeder Prairie is unknown. 
It is well understood in ecology that communities vary in space and time (see Collins 2000 for 
an overview). Spatial and temporal variability have been documented for grasslands such as Konza 
Prairie (Collins and Glenn 1991, Collins and Glenn 1997) as well as the restored prairies at the 
University of Wisconsin Arboretum (Cottam 1987). For example, Collins and Glenn (1991) found that 
there was a large degree of year-to-year stochastic variation in individual species's abundance over 
time. In addition, at the 200 m2 scale, the mean annual rate of immigration (i.e., the number of 
species observed at a site in one year that were not observed there the previous year) was 9.4 
species per year and the mean annual rate of extinction (i.e., the number of species observed at a 
site in one year that were not observed there the next year) was 9.7 species per year, indicating a 
high degree of species turnover. This turnover was driven by immigration and extinction of "satellite" 
species (i.e., species that occurred in less than 10% of all sites), which exhibited stochastic variation 
year-to-year within a matrix of stable "core" species that were consistently widespread (occurred on 
more than 90% of all sites) (Collins and Glenn 1991). However, this temporal variability on Konza 
Prairie could be caused by any combination of several key biotic and abiotic factors, such as small-
scale and large-scale disturbances and year-to-year climate variation (see Collins and Glenn 1991 
and Collins 2000 for overviews). 
2000 Main Project 
Species richness and evenness 
The history of my study sites may have had a large impact on what vegetation tends to be 
pervasive now. All three prairies experienced some grazing, although not intensive grazing, prior to 
coming under management by county or state agencies. On Konza Prairie in Kansas, the 
reintroduction of bison caused changes in the prairie vegetative community (Hartnett and Fay 1998). 
In particular, the cool-season graminoids (including Poa pratensis and Carex spp.) as well as some 
forbs (including Aster ericoides) are consistently more frequent where bison graze (Hartnett et al. 
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1996). Further, dominant warm-season grasses and other forbs decrease under bison grazing 
(Hartnett et al. 1996). Grazing by cattle may have had a similar impact on species composition on the 
three remnant prairies in my study. However, Rosburg (1996) suggests that the late fall, post-harvest 
grazing on Sheeder Prairie was probably of minor consequence because most plants would have 
already senesced. 
Also, all three of my study sites are under burn management. Although the frequency of the 
fires varies within and among the sites, none of the prairies is completely burned annually. Again, 
research on Konza Prairie has shown that C3 grasses, forbs, and woody species are more abundant 
on infrequently burned sites, although C4 grasses retain dominance (Collins et al. 1995), particularly 
in terms of cover. This results in a greater diversity and heterogeneity on infrequently burned prairies 
than on annually burned prairies (Collins et al. 1995). Burn frequency on the three remnant prairies 
may have a similar impact on small-scale heterogeneity. 
Rosburg (1996) studied Sheeder Prairie's vegetation in 1995, approximately 30 years after 
the final annual haying and every-third-year burning. Rosburg compared the vegetative communities 
on two belt transects to data collected from the same transects in 1968 (Kennedy 1969, 1970). Carex 
spp., Paa pratensis, and five native forbs increased in overall abundance by more than 25% from 
1968 to 1995. However, Andropogon gerardii, a tall C4 grass, also increased in overall abundance by 
more than 25% in that period. Rosburg (1996) suggests that the shift from fall burning and haying to 
spring burning that came with the change in management may have been responsible for the 
increase in some warm-season grasses, such as A. gerardii, and the decrease in some cool-season 
grasses and spring-blooming forbs, although it does not explain the increase in the cool-season 
Carex spp. or Poa pratensis. 
Overall, all three prairies had high richness and evenness of vascular plant species, as 
indicated by Simpson's and Shannon-Wiener indices and the number of species within quadrats. 
There were 85 taxa observed on the three sites. The mean number of species per 0.25-m2 quadrat 
across all three prairies was 13.7, which, according to Packard and Ross (1997), is in the range of 
diversity common for degraded remnants (five to 15 native species per 0.25-m2). However, 7% of the 
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quadrats on Sheeder Prairie, 14% of the quadrats on Bundt Prairie, and 5% of the quadrats on Morris 
Prairie had more than 18 species, placing at least parts of each prairie closer to Packard and Ross's 
description of species richness on original prairie (approximately 20 native species per 0.25-m2). 
There was a strong unimodal distribution of species across all the quadrats as well as on 
individual transects, with many rare taxa and few very common taxa. This appears to be in contrast 
with the bimodal distribution of species reported on Konza Prairie (Gotelli and Simberloff 1987, 
Collins and Glenn 1991 ). 
Gotelli and Simberloff (1987) and Collins and Glenn (1990, 1991) examined the distribution of 
species on Konza Prairie to test the core-satellite species hypothesis proposed by Hanski (1982) 
against a model proposed by Levins (1969). Hanski proposed that if stochastic variation in the rates 
of local immigration and extinction in a region is large, most species fall into one of two categories: 
core species that are locally abundant and widely distributed, or satellite species that are locally rare 
and patchily distributed. According to the hypothesis, few species fall in between the_ two extremes. 
Levins's model predicted unimodal species distribution under the same stochastic conditions. Both 
models are scaled to dispersal distances of 0.10 to 10 km (Collins and Glenn 1991). 
Using separate data sets, the analyses by Gotelli and Simberloff ( 1987) and by Collins and 
Glenn (1991) favored Hanski's model. In particular, Collins and Glenn (1991) found that while the 
majority of species are sparse, core species made up 7.3 to 12.2% of the total number of species 
each year. These core species were primarily dominant warm-season grasses (Collins and Glenn 
1991 ). 
It is important to note that Hanski's model is based on species composition within a region; it 
assumes that all sites are similar enough in environmental conditions that any species could occupy 
any site (Collins and Glenn 1991). Collins and Glenn used data from eight to 19 sites (depending on 
the year) from 12 experimental watersheds. Each site represents a "community'' in the Konza Prairie 
"region" (Collins and Glenn 1991 ). Gotelli and Simberloff (1987), however, analyzed data on a 
community scale. Collins and Glenn (1991) cite this as evidence that Hanski's hypothesis is not 
unique to the regional scale. 
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My study included 11 transects on three different prairies, providing some information on a 
community scale (within the bounds of a transect or prairie) and on a regional scale (considering all 
quadrats across all three prairies together). Also, all my sites should have been environmentally 
similar enough that any species could have been present at any location along a transect, if not for 
biological limits such as dispersal in such a fragmented landscape. That is, dispersal may account for 
variation among prairies, but does not likely account for patchy species distribution within a transect. 
So although my study sites were similar to those of the Konza Prairie studies, my data are unimodal 
on both a community and regional scale. 
The two taxa present in the most quadrats overall were Carex spp., native sedges, and Poa 
pratensis, non-native Kentucky bluegrass. These two small-stature, C3 taxa were nearly ubiquitous, 
found throughout all three prairies. These two taxa could be considered the core species of Sheeder 
and Bundt Prairies, forming a matrix in which all other species occurred. On Morris Prairie, Carex 
spp. was still the dominant taxon, but Aster ericoides and Sisyrinchium campestre (two forbs) were 
also present in more than 90% of the quadrats, while Poa pratensis was present in only 77% of the 
quadrats. The types of species that were core species on my study sites were quite different from the 
types of species that were core species on the Konza sites (which were typically tall, warm-season· 
grasses). Again, this difference may be related to site history, including grazing and burn 
management. 
Also, different measures of dominance, such as biomass or cover, would likely change what 
species are considered dominant. Both Carex spp. and Poa pratensis, as well as Asterericoides and 
Sisyrinchium campestre, are small plants with relatively low biomass and cover. Although those 
species are present in a high percent of quadrats, they would likely have much lower dominance than 
plants that have a large biomass and are moderately c.ommon (e.g., in more than 50% of the 
quadrats ). Andropogon gerardii and Schizachyrium scoparium, found in 65% and 58% of the 
quadrats overall, would probably be more dominant. 
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Similarities and dissimilarities in species composition 
The Manhattan distance between quadrats on a transect based on species composition 
changed slightly with distance between the quadrats. Again, this indicates that the dissimilarit,Y 
between two quadrats was only slightly related to how far apart they were physically and that there is 
a high degree of small-scale heterogeneity on the three remnant prairies. Removing rare species 
from the data set and performing the analysis again increased the slopes of the regression lines by 
1.2 to 2. 7 times. This is somewhat similar to studies on Konza Prairie. Collins and Glenn ( 1991) 
determined that actual patch structure was defined mainly by satellite species within a stable grass 
matrix. In my study, removing the rare species (the largest set that would be classified as 'satellite' 
species) slightly increased the dissimilarity between quadrats as they were physically farther apart, 
indicating that the rare species were related to the heterogeneity, but were probably not the only 
factor driving it. 
The dissimilarity within and among the plant communities on the three prairies may indicate 
the differences in history of the sites or a combination of history and site environmental characteristics 
(Palik et al. 2000). NMDS analysis showed that Morris Prairie clearly differed in species composition 
from Sheeder and Sundt Prairies, although the difference was not explained by any of the four soil 
characteristics examined. The species compositions of Sheeder and Sundt Prairie were partially, but 
not completely, associated with soil pH. Similarly, Blewett {1981) analyzed soil samples from 
reconstructed prairies at the University of Wisconsin-Madison Arboretum for texture, N, P and K 
content, and % OM. He related the soil characteristics to the frequencies of dominant species. Only 
soil characteristics closely related to pH and soil moisture had significant positive correlations with the 
species frequencies {Cottam 1987). 
Species distribution patterns and co-occurrences 
The NMDS analysis separated species based on overall frequency (across all three prairies), 
as discussed above, and based on their distribution among the three prairies {i.e., on which prairie a 
species had the highest frequency). It is difficult to determine why some species may be present on 
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one of the prairies but absent on the others, or why they were more frequent on one prairie than 
another, because of the observational nature of this study and because of the differences in history 
and relative location (especially in relation to slight climatic differences) of the three prairies. 
Soil characteristics helped describe the distribution of some species, particularly some of the 
common species. However, R2 values were generally low, indicating that soil characteristics alone did 
not account for most of the variability in species frequency on the sites. Perhaps the study was 
conducted at too coarse a scale to observe differences in species distributions relative to small-scale 
{less than a few m2) differences in soil characteristics, particularly since soil samples were collected 
at 5-m intervals and species frequency for each soil sampling point was summed from quadrats up to 
2.5 m away. 
Also, Collins and Klahr (1991) summarize many factors that could r~sult in non-random and 
random patterns on a small spatial scale. Aggregation, for example, could arise from seeds 
germinating in favorable microsites (e.g., on soil with a particular pH) or from a small dispersal radius 
of the parent plant. Random patterns could arise when a certain suite of site characteristics does not 
affect a population of plants or when positive and negative forces on a species occur simultaneously 
(Collins and Klahr 1991). 
Any potential pattern in non-random species co-occurrences is similarly hard to interpret 
here. Species non-randomly co-occurred with different species on different prairies; no particular 
pattern could be distinguished. This could be due in part to the highly conservative p-value used in 
this analysis. However, the high heterogeneity among quadrats that was observed also suggests 
there may be few non-random co-occurrences. If nearby quadrats were less dissimilar than quadrats 
that were far apart, we might expect to see more species co-occurring more frequently than by 
chance alone. So, biologically, there was no strong differentiation among species in resource use, or 
no mutualistic or commensal relationships. Species seem to be fairly interchangeable, and the 
specific identity of neighbors is not very important at this scale. 
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Spatial pattern summary 
At the scale of this study, the hills of these three prairies on the Southern Iowa Drift Plain 
have highly diverse and heterogeneous vegetative communities. That is, along a 50-m transect on an 
area with relatively uniform environmental conditions, there tends to be an essentially random mixture 
of species. A lack of distance decay among quadrats as well as the presence of only a few pairs of 
species that co-occur more frequently than expected by chance indicate that most species don't show 
preferences for particular neighboring species. Also, I found no evidence of large, clonal expansions 
of any species on these hills, particularly not to the extent that other species were excluded from the 
quadrats. These imply that factors such as plant dispersal abilities, small-scale disturbances that 
create sites for seeds to get established, and intra- or interspecific resource competition might be 
important for determining the relative locations of individual plants. Highly-specific interactions among 
species or clonal expansions, however, appear to have little effect on community patterns. 
Suggestions for planting prairie reconstructions 
Because of the large degree of heterogeneity of the vascular plant communities within and 
among the sites, it does not seem feasible to recommend that reconstructed prairies be seeded in 
ways that would create specific small-scale vegetative patterns. In fact, the community heterogeneity, 
the varying frequencies and co-occurrences of species on the different prairies, and the difficulty of 
relating the distribution of functional groups of species (with the possible exception of grasses) to soil 
characteristics suggests that planting a highly diverse seed mix over a relatively uniform site may be 
the best method for reconstructing highly diverse native prairie plant communities. 
However, it may be important to examine the mix of seeds used in a typical restoration 
planting. The results of this study show there is a high frequency of Carex spp., of other small-stature 
graminoids such as Dichanthelium leibergii and D. oligosanthes var. scribnerianum and var. 
wilcoxianum, and of forbs on these three remnant prairies. Carex he/iophylla, Poa pratensis, and 
Dichanthelium oligosanthes are also three of the 10 taxa that dominate Konza Prairie (Collins and 
Glenn 1991 ). The high frequencies of these species on the three remnant prairies in this study may 
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be due to a history of grazing and infrequent burning, other historical events (e.g., what species were 
present on that small piece of land when plowing and extreme fragmentation of the landscape 
began), or interannual or long-term climate patterns. In any case, these species appear to be 
important to the remnant prairie plant communities now. Further, since these remnants are the 
examples closest to what pre-European settlement vegetation was like, and since an explicit goal of 
the NSNWR-PLC is to reconstruct prairies that are as similar as possible to those pre-settlement 
conditions (Drobney 1994), the refuge should consider using a seed mix that includes as many 
species as possible from the diverse flora of the remnants. 
Common seed mixes recommended in restoration guides typically recommend planting a 
diverse seed mix, including a variety of forbs and C4 grasses (e.g., Diboll 1997, Kurtz 2001, 
Thompson 1992). However, many lists fail to include any sedges or Dichanthelium spp., as well as 
other less well-known prairie species, such as Comandra umbellata, Euphorbia corrollata, Physalis 
virginiana, and Physalis heterophylla. In general, larger, well-known species are emphasized. 
Two potential problems with including some species in seed mixes are the difficulty in 
obtaining seed and the cost of seed. Many sedges and Dichanthelium species are less than 0.6 m tall 
and may be difficult to harvest with rice combines or other common harvest machinery. The same is 
true for some small-stature forbs (see Betz et al. 1996 for species commonly hand-harvested on the 
Fermilab prairie in Illinois). In addition, some spring-blooming species may have already dropped their 
seeds by the fall harvest and so also may be difficult to obtain. Hand collection of seed can be time 
consuming (Stevenson et al. 1995), and the cost of some seeds may be prohibitively expensive. For 
example, an ounce of seed of local ecotype Carex species from an Iowan seed producer (Ion 
Exchange, Harpers Ferry, Iowa) can cost $8 to $50. 
In dealing with the problem of limited availability of local seed for grassland reconstructions in 
England, Stevenson et al. (1995) tested whether decreased sowing rates were successful in 
reconstructing semi-natural grasslands. After two years there was no significant difference in species 
richness of chalk grassland plants among sowing treatments of 0.4, 1.0, and 4.0 g of seed per m2 (the 
rate recommended by seed suppliers was 4.0 g per m2). The study showed that even low rates of 
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seeding were sufficient to allow the establishment of the native species and the reduction of weed 
cover over time (Stevenson et al. 1995). 
Suggestions for evaluation of vegetative communities of NSNWR-PLC 
The analyses from this study can also serve as a reference for the reconstructions at 
NSNWR-PLC. To evaluate how similar the plantings are to pre-European settlement vegetative 
communities, transects of the same length could be surveyed with quadrats of the same size used in 
this study, and the same analyses could be used to calculate statistics that could then be compared 
to those described here. 
Such analyses can provide feedback on the current condition of a reconstruction and point 
out potential areas for improvement in relation to the reconstruction's goals. For example, comparison 
of the communities of the Fermilab prairie restoration to two target native plant communities showed 
that species diversity, including exotic species, was consistently lower at Fermilab, while the ratio of 
exotic to native species was higher (Sluis 1996). This indicates more study on the processes that 
influence species diversity is needed at Fermilab (Sluis 1996). 
Overall, to be able to use the reconstructions at NSNWR-PLC to help advance the field of 
restoration ecology and our knowledge of grassland ecosystems, the evaluation of restoration 
projects and comparisons to reference ecosystems are important. Quantitative study of the 
communities on the site would allow us to take advantage of an opportunity to better understand how 
prairie ecosystems are assembled. 
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APPENDIX 1: SPECIES ABBREVIATIONS 
Abbreviated species names used in plots of nonmetric multidimensional scaling (NMDS) analysis of 
1999 and 2000 data sets. 
Abbreviation Latin name Abbreviation Latin name 
ACMI Achillea millefolium LIAS Liatris squarrosa 
AMBP Ambrosia psilostachya LINS Unum sulcatum 
AMBT Ambrosia trifida LSPC Lespedeza capitata 
AMCA Amorpha canescens LTHC Lithospermum canescens 
ANCY Anenome cylindrica LYSM Lysimachia ciliata 
ANDG Andropogon gerardii MELI Melilotus spp. 
ANTN Antennaria neglecta MONF Monarda fistulosa 
ARTL Artemesia ludoviciana MUHL Muhlenbergia racemosa 
ASCT Asclepias tuberosa OXAL Oxalis stricta 
ASTE Aster ericoides PEDC Pedicu/aris canadensis 
ASTO Aster oolentangiensis PDML Pediomelum escu/entum 
ASTS- Aster sericeus PHLP Phlox pilosa 
BAPB Baptisia bracteata PHYH Physalis heterophylla 
BOUC Bouteloua curtipendula PHYV Physa/is virginiana 
BROM Bromus inermis PLAT Platanathera praeclara 
CALV Calystegia sepium PNST Penstemon grandifolium 
CARX Carex spp. POAP Poa pratensis 
CEAH Ceanothus herbaceus POTA Potentilla arguta 
CHMF Chamaecrista fasciculata PYCA Pycnanthemum virginianum 
CIRS Cirsium discolor RATP Ratibida pinnata 
COMU Comandra umbellata ROSA Rosa spp. 
CORD Cornus drummondii RUDB Rudbeckia hirta 
CORP Coreopsis palmata SCUT Scutellaria parvula 
DALC Dalea candida SCZY Schizachyrium scoparium 
DALP Dalea purpurea SILi Silphium integrifolium 
DESI Desmodium illinoense SILL Silphium laciniatum 
DILE Dichanthelium leibergii SOLC Solidago canadensis 
DIOS Dichanthelium oligosanthes, SOLM Solidago missouriensis 
var. scribnerianum SOLR Solidago rigidus 
DIOW Dichanthelium oligosanthes, SORN Sorghastrum nutans 
var. wilcoxianum SPHE Sphenopholis obtusata 
ECHP Echinacea pa/Iida SPOR Sporobolus heterolepis 
ELYC Elymus canadensis SSYC Sisyrinchium campestre 
ERIG Erigeron strigosus STRO Strophostyles he/vu/a 
ERYN Eryngium yuccifolium STSP Stipa spartea 
EUPC Euphorbia corollata TARX Taraxacum officinale 
FRGV Fragaria virginiana TRAD Tradescantia bracteata 
HEHE Heliopsis helianthoides UN22 Unknown A 
HERi Helianthus rigidus UN23 Unknown B 
HEUR Heuchera richardsonii UN24 Unknown C 
KOEL Koeleria macrantha VERB Verbena stricta 
LBSP Lobelia spicata VIPE Viola pedatifida 
LACC Lactuca canadensis VIPS Viola pedatifida x sororia 
LIAA Liatris aspera VISO Viola sororia 
UAP Liatris pycnostachya ZIZA Zizia aurea 
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APPENDIX 2: SPECIES COMMON NAMES AND FAMILIES 
Common names and families of species observed on transects on Sheeder, Sundt, and Morris 
Prairies in 1999 and 2000. Names were taken from Christiansen and MUiier (1999) and Gleason and 



























































Prairie heart-leaved aster 
Silky aster 











White prairie clover 
Purple prairie clover 
Illinois tick trefoil 
Leiberg's panic grass 
Scribner's panic grass 
Wilcox's panic grass 
Pale coneflower 










Rough blazing star 
Prairie blazing star 
Scaly blazing star 































































































White sweet clover, 
yellow sweet clover 
Wild bergamot 
Marsh muhly 






Virginia ground cherry 
Western prairie fringed orchid 
Kentucky bluegrass 
Tall cinquefoil 
Common mountain mint 
Gray-headed coneflower 



















Prairie violet and 















































Aronson, J., S. Dhillion, and E. Le Floc'h. 1995. On the need to select an ecosystem of reference, 
however imperfect: a reply to Pickett and Parker. Restoration Ecology 3: 1-3. 
Bertness, M. D., and A. M. Ellison. 1987 Determinants of pattern in a New England salt marsh plant 
community. Ecological Monographs 57: 129-147. 
Betz, RF., RJ. Lootens, and M.K. Becker. 1996. Two decades of prairie restoration at Fermilab: 
Batavia, Illinois. Pages 20-30 in C. Warwick, ed. Fifteenth North American Prairie Conference 
Proceedings. The Natural Areas Association, Bend, Oregon. 
Blewett, T.J. 1981. An ordination study of plant species ecology in the Arboretum prairies. 
Dissertation. University of Wisconsin, Madison, Wisconsin. 
Bradshaw, A. D. 1987. Restoration: an acid test for ecology. Pages 23-29 in W. R Jordan 111, et al., 
eds. Restoration ecology: a synthetic approach to ecological research. Cambridge University 
Presss, Cambridge, Great Britain. 
Brooks, C.N., and A.M. Merenlender. 2001. Determining the pattern of oak woodland regeneration for 
a cleared watershed in northwest California: a necessary first step for restoration. Restoration 
Ecology 9: 1-12. 
Brown, J. H. 1984. On the relationship between abundance and distribution of species. American 
Naturalist 124: 255-279. 
Brown, J.R., ed. 1998. Recommended chemical soil test procedures for the North Central Region. 
North Central Regional Research Publication No. 221 (Revised). University Extension, 
University of Missouri-Columbia, Missouri. 
Christensen, N.L., A.M. Bartuska, J.H. Brown, S. Carpenter, C. D'Antonio, R Francis, J.F. Franklin, 
J.A. MacMahon, RF. Noss, D.J. Parson, C.H. Peterson, M.G. Turner, and RG. 
Woodmansee. 1996. The report of the Ecological Society of America Committee on the 
Scientific Basis for Ecosystem Management. Ecological Applications 6: 665-691. 
Christiansen, P ., and M. Moller. 1999. An illustrated guide to Iowa prairie plants. University of Iowa 
Press, Iowa City, Iowa. 
Clark, F.S., and R.B. Slusher. 2000. Using spatial analysis to drive reserve design: a case study of a 
national wildlife refuge in Indiana and Illinois (USA). Landscape Ecology 15: 75-84. 
Clarke, K.R. 1993. Non-parametric multivariate analyses of changes in community structure. 
Australian Journal of Ecology 13: 117-143. 
Collins, S.L. 2000. Disturbance frequency and community stability in native tallgrass prairie. American 
Naturalist 155: 311-325. 
Collins, S.L., and S.M. Glenn. 1990. A hierarchical analysis of species' abundance patterns in 
grassland vegetation. American Naturalist 135: 633-648. 
---. 1991. Importance of spatial and temporal dynamics in species regional abundance and 
distribution. Ecology 72: 654-664. 
93 
---. 1997. Effects of organismal and distance scaling on analysis of species distribution and 
abundance. Ecological Applications 7: 543-551. 
Collins, S.L., S.M. Glenn, and D.J. Gibson. 1995. Experimental analysis of intermediate disturbance 
and initial floristic composition: decoupling cause and effect. Ecology 76: 486-492. 
Collins, S.L., and S.C. Klahr. 1991. Tree dispersion in oak-dominated forests along an environmental 
gradient. Oecologia 86: 4 71-4 77. 
Cottam, G. 1987. Community dynamics on an artificial prairie. Pages 257-270 in W.R. Jordan Ill, et 
al., eds. Restoration ecology: a synthetic approach to ecological research. Cambridge 
University Presss, Cambridge, Great Britain. 
Dale, M.R.T. 1999. Spatial pattern analysis in plant ecology. Cambridge University Press, Cambridge, 
Great Britain. 
Diboll, N. 1997. Designing seed mixes. Pages 135-149 in S. Packard and C. Mutel, ed. The tallgrass 
restoration handbook: for prairies, savannas, and woodlands. Island Press, Washington, D.C. 
Drobney, P.M. 1994. Iowa prairie rebirth: rediscovering natural heritage at Walnut Creek National 
Wildlife Refuge. Restoration & Management Notes 12: 16-22. 
Faith, D.P., and R.H. Norris. 1989. Correlation of environmental variables with patterns of distribution 
and abundance of common and rare freshwater macroinvertebrates. Biological Conservation 
50: 77-98. 
Field, J.G., K.R. Clarke, and R.M. Warwick. 1982. A practical strategy for analysing multispecies 
distribution patterns. Marine Ecology- Progress Series 8: 37-52. 
Gauch, H.G. 1982. Noise reduction by eigenvector ordinations. Ecology 63: 1643-1649. 
Gleason, H.A., and A. Cronquist. 1991. Manual of vascular plants of northeastern United States and 
adjacent Canada, 2nd ed. The New York Botanical Garden, Bronx, New York. 
Gotelli, N. J., and D. Simberloff. 1987. The distribution and abundance of tallgrass prairie plants: a 
test of the core-satellite hypothesis. The American Naturalist 130: 18-35. 
Hallberg, G.H. 1986. Pre-Wisonsin glacial stratigraphy of the Central Plains region in Iowa, Nebraska, 
Kansas, and Missouri. Quaternary Science Reviews 5: 11-15. 
Hanski, I. 1982. Dynamics of regional distribution: the core and satellite species hypothesis. Oikos 38: 
210-221. 
Hartnett, D.C., and P.A. Fay. 1998. Plant populations: patterns and processes. Pages 81-100 in A.K. 
Knapp et. al, eds. Grassland dynamics: long term ecological research in tallgrass prairie. 
Oxford University Press, Oxford, England. 
Hartnett, D.C., K.R. Hickman, and LE. Fischer-Walter. 1996. Effects of bison grazing, fire, and 
topography on floristic diversity in tallgrass prairie. Journal of Range Management 49: 413-
420. 
Hier, R.H., S.S. Merchant, and T.J. Wolfe. 1998. Prairie restoration in Minnesota: what's been done 
and plans for the future. Pages 174-176 in J.T. Springer, ed. Proceedings of the Sixteenth 
North American Prairie Conference. 
94 
Higgs, E.S. 1997. What is good ecological restoration? Conservation Biology 11: 338-348. 
Hipp, A. 1998. A checklist of carices for prairies, savannas, and oak woodlands of southern 
Wisconsin. Transactions of the Wisconsin Academy of Sciences, Arts, and Letters 86: 77-99. 
Holmes, P.M., and D.M. Richardson. 1999. Protocols for restoration based on recruitment dynamics, 
community structure, and ecosystem function: perspectives from South African fynbos. 
Restoration Ecology 7: 215-230. 
Huxel, G.R., and A. Hastings. 1999. Habitat loss, fragmentation, and restoration. Restoration Ecology 
7: 309-315. 
Imbert, D., A. Rousteau, and P. Sherrer. 2000. Ecology of mangrove growth and recovery in the 
Lesser Antilles: state of knowledge and basis for restoration projects. Restoration Ecology 8: 
230-236. 
Johnson, R.A., and D.W. Wichern. 1998. Applied multivariate statistical analysis, 4th ed. Prentice 
Hall, Upper Saddle River, New Jersey. 
Jordan, W.R. 1997. Foreword. Pages xiii-xviii in S. Packard and C. Mutel, ed. The tallgrass 
restoration handbook: for prairies, savannas, and woodlands. Island Press, Washington, D.C. 
Kageyama, P. Y., and F. Gandara. 1998. Restoration with indigenous tree species and conservation 
of the Atlantic Tropical Forest - Brazil. Society for Ecological Restoration 1997 International 
Conference Abstracts: 79-80. 
Kennedy, R.K. 1969. An analysis of tall-grass prairie vegetation relative to slope position, Sheeder 
Prairie, Iowa. Master's thesis. Iowa State University, Ames, Iowa. 
---. 1970. Sheeder Prairie Preserve: a natural prairie landscape in Guthrie County, Iowa. Report 
to the Iowa State Conservation Commission and to the Iowa State Preserves Advisory Board. 
Iowa State University, Ar:nes, Iowa. 
Kent, M., and P. Coker. 1992. Vegetation description and analysis: a practical approach. CRC Press, 
Boca Raton, Florida. 
Kline, V. M. 1997. Orchards of oak and a sea of grass. Pages 3-21 in S. Packard and C. Mutel, eds. 
The tallgrass restoration handbook: for prairies, savannas, and woodlands. Island Press, 
Washington, D.C. 
Kline, V.M., and E.A. Howell. 1987. Prairies. Pages 75-83 in W.R. Jordan 111, et al., eds. Restoration 
ecology: a synthetic approach to ecological research. Cambridge University Presss, 
Cambridge, Great Britain. 
Kurtz, C. 2001. A practical guide to prairie reconstruction. University of Iowa Press, Iowa City, Iowa. 
Levins, R. 1969. Some demographic and genetic consequences of environmental heterogeneity for 
biological control. Bulletin of the Entomological Society of America 15: 237-240. 
Matejovic, I. 1997. Determination of carbon and nitrogen in samples of various soils by the dry 
combustion method. Communications in Soil Science and Plant Analysis 28: 1499-1511. 
95 
Midwest PROfiles, Public Resources Online. 1997. State map. Department of Economics, Iowa State 
University, Ames, Iowa. 
National Water and Climate Center. 1993a. Temperature and precipitation summary for TAPS station 
Guthrie Center, IA3509. Natural Resources Conservation Service, USDA. 
---. 1993b. Temperature and precipitation summary for TAPS station Newton 2E, IA5992. Natural 
Resources Conservation Service, USDA. 
Nekola, J.C., and P .S. White. 1999. The distance decay of similarity in biogeography and ecology. 
Journal of Biogeography 26: 867-878. 
Nelson, D.W., and L.E. Sommers. 1996. Total carbon, organic carbon and organic matter. Pages 
961-1069 in D.L. Sparks et al., eds. Methods of soil analysis, Part 3, SSSA Book Series: 5, 
ASA and SSSA, Madison, Wisconsin. 
Nestrud, L.M., and J.R. Worster. 1979. Soil survey of Japser County, Iowa. Soil Conservation 
Service, USDA. 
Packard, S. 1997. Restoration options. Pages 47-62 in S. Packard and C.F. Mutel, eds. The tallgrass 
restoration handbook: for prairies, savannas, and woodlands. Island Press, Washington, D.C. 
Packard, S., and L.M. Ross. 1997. Restoring remnants. Pages 63-88 in S. Packard and C.F. Mutel, 
eds. The tallgrass restoration handbook: for prairies, savannas, and woodlands. Island Press, 
Washington, D.C. 
Palik, B.J., P.C. Goebel, L.K. Kirkman, and L. West. 2000. Using landscape hierarchies to guide 
restoration of disturbed ecosystems. Ecological Applications 10: 189-202. 
Palmer, M.W ., and P .S. White. 1994. Scale dependence and the species-area relationship. American 
Naturalist 144: 717-740. 
Pickett, S.T.A., and V.T. Parker. 1994. Avoiding the old pitfalls: opportunities in a new discipline. 
Restoration Ecology 2: 75-79. 
Prentice, I.C. 1977. Non-metric ordination methods in ecology. Journal of Ecology 65: 85-94. 
Rosburg, T. R. 1994. Community and physiological ecology of native grasslands in the Loess Hills of 
western Iowa. Dissertation. Iowa State University, Ames, Iowa. 
---. 1996. A quantitative plant inventory of Sheeder Prairie and a comparison with its composition 
in 1968. A final report to Iowa State Preserves Board. Iowa State University, Ames, Iowa. 
Ruhe, R.V. 1969. Quaternary landscapes in Iowa. Iowa State University Press, Ames, Iowa. 
Russell, R.C., R.I. Dideriksen, and C.S. Fisher. 1974. Soil survey of Guthrie County, Iowa. Soil 
Conservation Service, USDA. 
Sanderson, J.G., M.P. Moulton, and R.G. Selfridge. 1998. Null matrices and the analysis of species 
co-occurrences. Oecologia 116: 275-283. 
Sluis, W. 1996. Nineteen years of prairie re-creation at Fermilab: a quantitative assessment. Pages 
223-227 in C. Warwick, ed. Fifteenth North American Prairie Conference Proceedings. The 
Natural Areas Association, Bend, Oregon. 
\ 
96 
Smith, D.D. 1998. Iowa prairie: original extent and loss, preservation and recovery attempts. Journal 
of the Iowa Academy of Science 105: 94-108. 
Stevenson, M.J., J.M. Bullock, and L.K. Ward. 1995. Re-creating semi-natural communities: effect of 
sowing rate on establishment of calcareous grassland. Restoration Ecology 3: 279-289. 
Thompson, J.R. 1992. Prairies, forests, and wetlands: the restoration of natural landscape 
communities in Iowa. University of Iowa Press, Iowa City, Iowa. 
Upton, G.J.G, and 8. Fingleton. 1985. Spatial data analysis by example. Volume 1: Point pattern and 
quantitative data. John Wiley & Sons, Chichester, England. 
Wagner, M.D. 1980. A.C. Morris Prairie survey of flowering plants. Report for the Jasper County 
Conservation Board. Newton, Iowa. 
97 
ACKNOWLEDGEMENTS 
Thanks to Tom Jurik for the impetus for this project and help throughout, including excellent 
editing. Thanks also to Kirk Moloney for help throughout, and to Philip Dixon for helping me navigate 
the statistical seas, especially by helping me narrow my questions. Thanks to Bob Flanery, Joe 
Hanner, John Pearson, and Mark Wagner for their information on my study sites, and to Matt 
Dornbush, Tom Rosburg, and Kyle Swanson for helping me believe that I, too, could identify grasses. 
Thanks to Meredith Borchardt and Anne Nickel for their humor and companionship. Most of all, I give 
great thanks to Forest, whose love and support have made this so much a better journey. Yes, my 
friend, you shine with the light of Christ. Solo Deus gloria. 
